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THIOURACIL TREATMENT OF 
THYROTOXICOSIS 


I. The Results of Prolonged Treatment 


ROBERT H. WILLIAMS, M.D. 


From the Thorndike Memorial Laboratory, the Second and Fourth (Harvard) 
Medical Services of the Boston City Hospital and the Department 
of Medicine, Harvard Medical School 


URING the last two and a half years thiouracil! has been used in this 

clinic in the treatment of 247 patients with thyrotoxicosis. Previous 
reports (4-6) have dealt chiefly with the early results of therapy in some 
of the patients.? The extension of the studies to a larger number of patients 
and over a longer period of time has indicated more clearly what can be 
expected from the use of thiouracil, the good and bad effects, particularly 
with regard to prolonged treatment. The results are presented in this and 
in the succeeding paper. 


PATIENTS TREATED AND SYSTEM OF THERAPY 


The patients.treated were unselected. Some individuals were referred for 
thiouracil therapy because other types of treatment had been unsuccessful. 
Some were referred because of the mildness of the disease and others be- 
cause of its severity, but in most cases there was no special consideration 
of the severity of the disease. 





Received for publication. August 1, 1945. 
1 We are indebted to the Lederle Laboratories for the generous aid which they have 


given us in these studies. 
2 The reports of most investigators dealing with the clinical use of thiouracil are re- 


\ ferred to in the succeeding paper. 
[1] 
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Age. The ages ranged from five to 73 years, but most of the patients 


were between 20 and 60 (Fig. 1). 
Sex. Eighty-four per cent of the subjects were females, giving a sex 


ratio of approximately five to one. 
AGE DISTRIBUTION 
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FIGuRE 1 





Precipitating Factors of the Thyrotoxicosis. In most cases it was not pos- 
sible to determine the main factor which precipitated the thyrotoxicosis 
and, of course, there was no definite etiology in any; however, the disease 
seemed to be related to pre-existing colloid goiters in 16, worry over close 
relatives in the war in ten, menopause in six, infection in four, automobile 
accidents in three, and deaths in the family in three. 

Duration of Thyrotoxicosis before Treatment with Thiouracil. The dis- 
ease apparently had been present for intervals of from three weeks to 22 
years (fig. 2). In most of the patients it had existed for an interval of from 
six to 18 months. 


DURATION OF THYROTOXICOSIS 
BEFORE THIOURACIL TREATMENT 
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FIGurRE 2 


Symptoms of Thyrotoxicosis. Since the regulation of the dosage of thio- 
uracil depends a great deal on the response in the symptoms and signs of 
the thyrotoxicosis, the recognition and appropriate evaluation of these 
factors is most important. In Table 1 is listed the incidence of the signifi- 
cant symptoms. It is not proposed, now, to give a discussion of the diag- 
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nostic significance of these complaints; however, it is to be pointed out | 
that many of the characteristic symptoms may be absent in some patients 
with thyrotoxicosis although others may be strikingly present. Moreover, 
the incidence of the symptoms is not always proportional to their diagnos- 
tic significance. 

Only 23 per cent of the patients had diarrhea, but an additional 33 per 


TABLE 1. INCIDENCE OF SYMPTOMS 








Per cent Per cent 
Symptoms of patients Gyeiptome of patients 





Nervousness 99 Dyspnea 75 
Hyperhidrosis 91 Weakness 70 
Hypersensitivity to heat 89 Hyperorexia 65 
Palpitation 89 Eye complaints 54 
Fatigue 88 Swelling of legs 35 
Weight loss 85 Diarrhea 23 
Tachycardia 82 

















cent had slightly increased frequency of bowel movements; four per cent 
were chronically constipated. Sixty-five per cent of the individuals ob- 
served hyperorexia; nine per cent had definite anorexia. Eighty-five per 
cent of the patients had lost weight, 13 per cent had experienced no change 


WEIGHT LOSS 














Fic. 3. Amount of weight lost preceding thiouracil therapy. 


in weight, and two per cent noted an actual gain. Most of the patients lost 
from ten to 30 pounds in weight (Fig. 3). It is to be noted that 88 per cent 
of the patients complained of fatigue and 70 per cent of weakness; in some 
instances these symptoms forced the patient to stop working and a few 
individuals were partially bed-ridden. Dyspnea on exertion was present in 
75 per cent and swelling of the legs in 35 per cent. 

Previous Therapy. Fourteen per cent of the patients had been previously 
treated with one or more thyroidectomies. Thirty-four per cent had re- 
ceived treatment with potassium iodide during all or part of the six 
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. months’ interval preceding thiouracil therapy; six per cent of this group 
had reacted with iodide rashes. 

Findings on Physical Examination. All of the patients were found to have 
some enlargement of the thyroid gland; the amount of enlargement varied 
from approximately one and one-fifth to 25 times normal size. In 77 per 
cent of the individuals a bruit was heard over the thyroid gland. In 29 per 
cent of the subjects the gland was nodular. The basal pulse rate was faster 
than 80 beats per minute in all patients; it was from 100 to 140 in 72 per 
cent. Most of the individuals exhibited a tremor and skin changes charac- 
teristic of thyrotoxicosis. Seventy-one per cent of the patients showed eye 


TABLE 2. INCIDENCE OF SIGNS 








‘ Per cent ? Per cent 
Signs of patients Signs of patients 





Tachycardia 100 Thyroid heart 15 
Goiter 100 Auricular fibrillation 10 


Skin changes 97 Splenomegaly 10 
Tremor 97 Gynecomastia 10 


Bruit over thyroid 77 Liver palms 8 
Eye signs 71 

















signs of Graves’ disease; 8.5 per cent exhibited changes of malignant exoph- 
thalmos. Thyroid heart disease was present in 15 per cent of the subjects 
and auricular fibrillation in ten per cent. Six patients had frank congestive 
heart failure. Three individuals, each male, presented the picture of thy- 
rotoxic myopathy. Splenomegaly, gynecomastia, and liver palms each 
were observed in about ten per cent of the subjects (table 2). Two per cent 
of the individuals were found to have significant enlargement of the cervi- 
cal lymph nodes. : 

Non-Thyroid Illnesses. Some of the individuals were troubled with condi- 
tions other than thyrotoxicosis. Five patients were pregnant, either before 
or during treatment with thiouracil, and five had diabetes mellitus. There 
were also a number of miscellaneous diseases such as pyelonephritis, valvu- 
lar heart disease, hypertension, and multiple sclerosis. 

Basal Metabolic Rate before Thiouracil Therapy. The lowest rate of basal 
metabolism preceding therapy varied from plus 15 per cent to plus 89 per 
cent (Fig. 4). In most of the individuals the rate of metabolism was from 
plus 30 per cent to plus 50 per cent. 

System of Treatment. Most of the patients were hospitalized for not 
longer than two days and many not at all. After an evaluation of the pa- 
tient’s general condition as well as the thyrotoxicosis, therapy with thioura- 
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cil was begun. In 30, the first of the series, of the 247 patients treated, the 
initial total daily dose was about 1 gm. per day; very few of the others re- 
ceived more than 0.6 gm. daily. The majority of the last 150 patients 
treated did not receive more than 0.5 gm. daily and some received no 
more than 0.4 gm. daily. However, the latter dose was occasionally not as 
effective as was desirable at the beginning of the treatment. 

The patients were re-examined at intervals of two weeks for eight weeks, 
then at monthly intervals for about four months, and thereafter at inter- 
vals of from six to eight weeks. More frequent examinations were given 
some patients, as, for example, those with old age, diabetes, poor nutri- 


BASAL METABOLIC RATE 
GEFORE THIOURACIL TREATMENT 
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FIGURE 4 


tional state, those who had had suppression of the white blood cell count, 
and those who did not seem to be getting along well in every respect. 
Estimation of the basal metabolic rate was made on almost every one of 
the patient’s visits. Each time the leucocyte count was made and the ap- 
proximate number of polymorphonuclear cells in the counting chamber 
was determined. Stained smears were made infrequently unless the leuco- 
cyte count was low or unless the patient was hospitalized. On each of the 
patient’s visits, in addition to looking for toxic reactions and making a 
clinical examination of the amount of activity of the thyroid hormone, the 
size of the thyroid gland was estimated. This evaluation was made without 
knowledge of the size of the gland that had been recorded on the previous 
visits. The close agreement in the estimations on separate visits, along with 
comparisons of some of these observations with the weight of thyroid tissue 
removed at operation, indicate that the size of the gland could be esti- 
mated, in most instances, with fairly good accuracy. In the patients with 
malignant exophthalmos changes in the orbital structures were looked for 
and exophthalmometric determinations were made. 

On the basis of the foregoing observations the dose of thiouracil was 
regulated for each patient. In most instances, after the first two weeks of 
treatment the daily dose of thiouracil was reduced from 0.5 gm. to 0.4 gm.; 
after two more weeks it was reduced to 0.3 gm. and was maintained at this 
level until the basal metabolic rate was normal and the thyrotoxic manifes- 
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DURATION OF THIOURACIL THERAPY 
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Fic. 6. The response to thiouracil treatment of a patient (case #21) with severe 
thyrotoxicosis. The protein bound iodine became normal before the basal metabolic 
rate did. The broken line represents the upper limit of normal for each test. There was 
no gain in weight (measured in pounds) for the first two weeks, but a more or less pro- 
gressive gain thereafter. 
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tations had disappeared. The dose was then decreased to 0.2 gm. daily for 
about three months. At the end of this time in most of the cases the dose 
was reduced to 0.1 gm. daily and in a few it was decreased to 50 mgm. How- 
ever, certain patients always required about 0.2 gm. daily for a main- 
tenance dose. The total duration of treatment varied from nine days to 
twenty-one months (Fig. 5). 

The patients all were told of the possibility of serious toxic reactions and 
were requested to call us whenever anything unusual developed, and es- 
pecially if there was fever, weakness, general malaise, aching, or any 
infection. 

RESULTS OF TREATMENT 


Early Results. Within a few days after starting thiouracil therapy most 
of the patients noticed a distinct improvement in the thyrotoxicosis but it 


WEIGHT GAIN 














FicureE 7 


required from ten days to several months for a remission to take place; the 
average time was about five weeks. The changes in the basal metabolic 
rate were in accord with the clinical changes in thyrotoxicosis; however, 
the protein bound iodine became normal before the disease subsided (Fig. 
6). 

Gain in weight did not start usually until after the patient had been 
treated for about two weeks. The gain continued for several weeks and in 
some individuals it amounted to more than 50 pounds. However, most of 
the patients gained only from five to 20 pounds (Fig. 7). 

It is to be emphasized that all patients eventually experienced a remis- 
sion of the disease. To be sure, there were instances when certain patients 
who were subjected to great emotional stress required larger than average 
maintenance doses in order to keep the disease under control. With ad- 
justments in the amount of thiouracil given, the thyrotoxicosis was con- 
trolled in all patients for as long as the drug was administered. No evidence 
of refractoriness to thiouracil was found. As the manifestations of the dis- 
ease subsided a smaller dose of the drug was necessary. This phenomenon 
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is probably related to the larger amount of thiouracil stored in the thyroid 
gland when the activity of the thyroid hormone is normal than when it is 
increased (7). 

After a few weeks of therapy there was usually less stare with less widen- 
ing of the palpebral fissures and less exophthalmos. In some of the patients 
with malignant exophthalmos there was an increase in the orbital changes; 





% L.G., age 54, with nodular goiter 
si treated with Ki for one year 
+50 











3 
MONTHS 
Fic. 8. The potassium iodide was discontinued on the same day that thiouracil 

therapy was started. The changes in the basal metabolic rate were in accord with the 
clinical picture. Note that two months were required to get the basal metabolic rate 
back to the same level as when the change in therapy was made. The exacerbation would 
not have occurred if potassium iodide had been given in addition to the thiouracil 
therapy. 


this was particularly true in individuals receiving large doses of thiouracil. 

The thyroid gland ordinarily did not show much change in size during 
the first few weeks of treatment. It sometimes became slightly smaller and 
occasionally larger. However, with prolonged therapy pronounced changes 
tended to occur, as will be discussed later. 

Desiccated thyroid, usually in daily doses of from 64 to 96 mgm., was 
given to decrease the orbital changes or decrease the size of the goiter in 31 
patients. Some beneficial effect was exerted in each respect and the desic- 
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cated thyroid did not cause an appreciable interference of the response of 
the thyrotoxicosis to thiouracil. In 17 instances, seven per cent, roentgeno- 
therapy was given to decrease the size of the thyroid gland. Five treat- 
ments were usually given at weekly intervals, each time administering 210 
roentgen units to each lobe of the thyroid. At intervals of one to eight 
months later, four patients were given a second course of roentgenotherapy. 
All of the patients treated experienced a moderate decrease in the size of 
the thyroid gland. 


FiGurRE 9 


A. Section of thyroid gland of patient with untreated Graves’ disease. 

B. Graves’ disease treated with potassium iodide for three weeks. 

C. Graves’ disease treated with thiouracil for five weeks. Note that the iodized gland 
has more colloid and less hyperplasia than the others, whereas the reverse is true of the 
thiouracillized gland. Such differences, however, do not invariably exist. 


The auricular fibrillation stopped spontaneously during the first few 
weeks of treatment in seven patients; in three others it was stopped with 
quinidine. 

Each of the patients with diabetes mellitus experienced a decrease in the 
severity of this disease as the thyrotoxicosis subsided. 

Effect of Potassium Iodide Treatment on the Response of Thyrotoxicosis to 
Thiouracil. Patients who had been treated with potassium iodide for a few 
months or more before thiouracil therapy tended to respond more slowly 
than ones treated only with thiouracil. When there was an abrupt substitu- 
tion of thiouracil for iodide there was sometimes an exacerbation in the 
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disease (fig. 8), but this was not always true; the accentuation of the dis- 
ease was probably related to the following factors. The thyrotropic hor- 
mone causes hyperplasia of the acinar cells of the thyroid gland and pro- 
motes the transfer of thyroid hormone from the thyroid gland into the 
blood stream. Iodide antagonizes the action of the thyrotropic hormone, 
thereby leading to an increase in the amount of colloid stored, as well as 
to a decrease in the size of the acinar cells (fig. 9). The action of thiouracil 
is to decrease the manufacture of the thyroid hormone, but it does not 
antagonize directly the action of thyrotropin. Therefore, on discontinuing 
iodide therapy the thyrotropic hormone is permitted to promote a rapid 
transfer of the thyroid hormone into the blood stream and the thyrotoxi- 
cosis persists until the excess thyroid hormone in the body disappears. 

In some cases iodide therapy was given for several months preceding 
treatment with thiouracil, but there was little, if any, delay in the response 
to thiouracil providing that the iodide therapy was continued in conjunc- 
tion with the thiouracil. 

When iodide therapy was begun simultaneously or shortly after thioura- 
cil treatment the response in the thyrotoxicosis was sometimes more rapid 
than when only thiouracil was given. In this laboratory it has been found 
that a chemical interaction between Lugol’s iodine solution and thiouracil 
takes place in vitro. With the dosages of each drug ordinarily used the re- 
action does not seem to be very significant. Nevertheless, we prefer not to 
administer these drugs within one hour of each other; a saturated solution 
of potassium iodide is used-instead of the Lugol’s solution. 

A saturated solution of potassium iodide was given, usually in doses of 
five drops three times daily, during part or all of the period of thiouracil 
therapy, in 72 of the 247 patients, 29 per cent. Most of these patients were 
subjected to thyroidectomy. In 23 subjects, nine per cent, thiouracil ther- 
apy was replaced by iodide treatment ; these individuals were ones who had 
developed toxic reactions to thiouracil or ones who could not continue to 
be followed satisfactorily. 

Results in Patients Treated by Thyroidectomy. One hundred and twenty- 
one patients were treated by subtotal thyroidectomy. This group consisted 
of (a) individuals with large goiters, (b) subjects who had severe toxic 
reactions to thiouracil, and (c) patients who because of various reasons 
could not be observed as frequently as was desirable. 

Thirty-two patients were prepared for thyroidectomy with thiouracil 
and did not receive any iodide. It was discovered early that thiouracil was 
more dependable than iodide in controlling thyrotoxicosis, whether or not 
a thyroidectomy was performed. However, the increased technical diffi- 
culties of thyroidectomy which thiouracil provoked, bleeding and friability 
of the thyroid tissue, led to the simultaneous administration of potassium 
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iodide, because this substance generally antagonizes such changes. An op- 
portunity was afforded, in 89 patients, to observe the effects of iodide when 
given at various intervals. Sixteen were given iodide before and during the 
thiouracil therapy. Fourteen were treated with only thiouracil for awhile 
and then they received only potassium iodide. Eleven patients were given 
potassium iodide for two weeks or more and then thiouracil was substituted 
for the iodide. Forty-eight subjects who did not receive iodide, were treated 
with a course of thiouracil and during the last two or more weeks they 
received potassium iodide in addition to thiouracil. Of the various systems 
of treatment used it was found that technical difficulties were least when 
potassium iodide was used before and during the thiouracil treatment. 

Two-stage operations were performed on only three subjects and two of 
these were done when we were first using thiouracil and did not prepare 
the patients for a long enough period of time. 

The usual operative and immediate post-operative courses of the pa- 
tients have been described (1, 6). Now, however, an index has been ob- 
tained of the course of these patients during a period of months or years. 
Five of the 121 patients had a persistence of the thyrotoxicosis, and two 
had a recurrence of the disease. Two patients developed a paralysis of one 
vocal cord, two developed tetany, and one became myxedematous. The 
following patients have been found to have a normal thyroid function and 
no complications from thyroidectomy when examined on one or more 
occasions during the intervals specified: 25 patients for three months, 15 
for six months, 22 for nine months, 17 for 12 months, two for 15 months, 
and four for 18 months. 

Results of Prolonged Treatment with Thiouracil. An opportunity has now 
been afforded to evaluate, in 100 patients, the results of cessation of thi- 
ouracil therapy after a course of treatment which in most patients extended 
over a period of many months. 

Forty-nine subjects have now gone for intervals of from three to 21 
months (Fig. 10) without any treatment of any type and have remained 
free of thyrotoxicosis as indicated by clinical examinations and estimations 
of the basal metabolic rate, which, in most cases, were performed every 
one or two months. On the other hand, there were 51 patients who had a 
relapse of the thyrotoxicosis (Fig. 11) at intervals of from two weeks to five 
months after cessation of thiouracil treatment. In nine patients a relapse 
occurred in two weeks; it occurred in one month in 25 patients, in 1.5 
months in four, in two months in two, in three months in seven, in four 
months in three, and in five months in one patient. The fact that 66 per 
cent of the relapses occurred within one month would seem to suggest 
that the expected incidence of relapse should not be great in patients who 
have remained well for a few months without treatment. In general, the 
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TABLE 3. CONSIDERATION OF THE PossIBLE Errect oF CERTAIN FACTORS IN PATIENTS 
WITH A SUSTAINED REMISSION AND IN ONES EXPERIENCING 
A RELAPSE OF THE THYROTOXICOSIS 








No No 


Factors relapse Relapse Factors 





Total cases. 49 “BE Nodular Thyroid Gland 10 





Males 4 15 Roentgenotherapy 4 





Females 36 Desiccated Thyroid 4 





Age of Patient Basal Metabolic Rate 
10-20 12 before treatment 
20-30 12 (percent 10-20 
30-40 9 normal) 20-30 
40-50 14 30-40 
50-60 11 40-50 
60-70 1 50-60 
70-80 2 60-70 

70-80 

Duration of Disease 80-90 

before treatment 
(months) 0- 6 Duration of Treatment 
6-12 (months) 0- 3 
12-24 3- 6 
24-48 6- 9 
48+ 9-12 
12-15 
Size of Thyroid Gland 15-18 
before treatment 18-21 


( Xnormal) 
1.0-1.5 Change in the Size of the 


1.5-2.0 Thyroid Gland 
2.0-2.5 with treatment 
2.5-3.0 (per cent) no change 
3.0-4.0 

4. 





—P ODE DO DO 











Decrease 
25- 50 
50-100 

100-150 

150-200 

200-250 

Increase 
25- 50 
50-100 

100-150 

200-250 
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longer the patient was treated with thiouracil the longer was the interval 
of non-treatment preceding relapse; however, there were notable excep- 
tions to this. 

It is most significant to ascertain whether it is possible to predict ac- 
curately which patients will obtain a sustained remission of thyrotoxicosis 
after cessation of thiouracil therapy. An analysis of our cases was made 
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Fia. 10. The broken lines indicate the intervals from the time of cessation of thioura- 
cil therapy until the time the patient was last observed, with no evidence of thyrotoxi- 
cosis in this interval. Essentially all patients had an estimation of the basal metabolic 
rate and a clinical examination at intervals of one or two months. Each patient experienc- 
ing a relapse is indicated in fig. 11 and not in fig. 10. 


from this point of view (Table 3). Males experienced a relapse much more 
frequently than females. Neither the age of the patient nor the duration 
of the disease determined whether a relapse occurred. Patients with 
nodular enlargement of the thyroid gland responded as well as ones with 
diffuse hyperplasia. Individuals with only slight enlargement of the thyroid 
gland demonstrated a higher incidence of remissions, maintained after 
cessation of therapy, than subjects with larger glands. Nevertheless, some 
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individuals with enlargement of the thyroid to more than four times nor- 
mal size experienced a sustained remission of the thyrotoxicosis. The sub- 
jects with only slight elevation in the basal metabolic rate, preceding treat- 
ment, obtained sustained remissions more often than did individuals with 
moderate or marked elevation in the metabolic rate. Patients treated for 
nine months, or longer, showed a better sustained response than ones 


RELAPSES ON STOPPING THIOURACIL TREATMENT 
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Fic. 11. Not in all cases indicated was it desired to discontinue thiouracil therapy. 
In some instances the treatment was discontinued by the patient, in some it was stopped 
because of toxic reactions to thiouracil, and in some it was stopped relatively early just 
to note the effects. A few of the patients who experienced a relapse of the thyrotoxicosis 
were subsequently treated with potassium iodide, but this is not indicated in the figure. 


treated for shorter intervals. The subjects without relapse on cessation of 
therapy exhibited a distinctly greater tendency for a decrease in the size 
of the thyroid gland than did the individuals who experienced a relapse. 
Moreover, in the former group, the bruit over the thyroid gland disap- 
peared more frequently than in the latter group. Four of the patients with 
sustained remissions had malignant exophthalmos as compared with seven 
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in the other group. The incidence of non-relapse did not seem to be cor- 
related with the dose of thiouracil or with the rate of drop in the basal 
metabolic rate. Neither roentgenotherapy or desiccated thyroid increased 
the incidence of sustained remissions. * 

In the majority of 69 patients, 63 per cent, treated for more than eight 
months, the thyroid gland showed a distinct decrease in size. In some indi- 
viduals, 30 per cent, the gland remained essentially the same size, while in 
a few, seven per cent, it actually became larger (Fig. 12). After the first few 
months of treatment the gland tended to become softer. 


CHANGE IN THYROID SIZE 


PATIENTS TREATED EIGHT 
ALL PATIENTS MONTHS OR MOR 


INCREASE | DECRE INCREASE |DECREASE] NONE 


%- AVERAGE 121 80 125 92 ie) 
%-RANGE 25 - 300} 25 - 250 25 - 200 |25 - 250 i°] 
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Fic. 12. The changes in size of the thyroid gland under treatment with thiouracil 
are expressed in percentages with reference to norma! thyroid size. It is to be noted that 
the majority of patients treated for eight months or more exhibited a decrease in the size 


of the goiter. 


The acute toxic reactions to thiouracil are discussed in the succeeding 
paper. No significant chronic toxic reactions have been observed, although 
especial attention has been paid to the possibility of such changes in the 
kidneys, liver, bone marrow, circulation, central nervous system and endo- 
crine glands. 

Three patients received thiouracil treatment before and throughout 
their entire course of pregnancy. Another patient was treated during the 
last six weeks of pregnancy and one other during the last month. The 
babies of each of these mothers were in excellent condition at birth. The 
weight in each case was greater than seven pounds, except for one set of 
twins, one of whom weighed six pounds and one weighed five pounds. 
None of the babies had a goiter. One of the pregnant women treated by 
Eaton (2) gave birth to a baby with a goiter; however, the dose was greater 
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than that received by our patients, except for the one treated during the 
last six weeks of pregnancy. 

Pathological Changes in the Thyroid Glands. As has been reported previ- 
ously (3, 5), thiouracil tends to promote hyperplasia (Fig. 9) of the thyroid 
gland. The more hyperplasia there is, the greater is the tendency for in- 
creased bleeding and friability of the gland at operation. Since the adminis- 
tration of potassium iodide antagonizes hyperplasia, early in the studies 


Fiegure 13 
A. Section of the thyroid gland of a patient with Graves’ disease (case #10) treated 
with thiouracil for eight months when a thyroidectomy was performed. 
B. Section of gland of another subject (case #3) treated for eight months. Neither 
patient was treated with iodide at any time. Compare with Fig. 9. 


the use of iodide in conjunction with thiouracil was begun. Of the 121 pa- 
tients operated upon, there were some who received iodide before thiouracil 
treatment but not thereafter, others who received it before and during 
thiouracil therapy, and some individuals who received iodide at various 
other intervals. . 

The amount of hyperplasia and colloid was graded microscopically in 
sections of each thyroid gland. Although a great variation occurred within 
each group it was clear that patients treated with thiouracil who received 
iodide therapy for two weeks or longer exhibited definitely less hyperplasia 
of the acinar cells and more storage of colloid than did those treated with 
only thiouracil. This was true whether the iodide was given before, during, 
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or after thiouracil treatment, or in other intervals. In the majority of 
patients treated with iodide this drug was given during the last few weeks 
of thiouracil therapy. The histological appearance of the gland was as 
satisfactory in this group as in any of the others, including the ones re- 
ceiving iodide before and during thiouracil therapy. 

Microscopic studies of the thyroid gland have been made in 31 patients 
treated with thiouracil for three months or longer. Eighteen subjects were 


Fiaure 14 

A. Section of the thyroid gland of a patient with Graves’ disease (case #1) treated 
with thiouracil for 21 months. He moved to a distant section in the country and dis- 
continued treatment. A relapse of the thyrotoxicosis developed within one month, but 
no therapy was given for another four months. Lugol’s iodine solution was then given 
for six weeks, during the last two of which thiouracil was given. This patient took 
more than 200 gm. of thiouracil. During treatment the thyroid gland decreased from a 
size of 3.5 times normal to about twice normal (45 gm.). Note the relatively flat acinar 
cells and the moderate amount of deep-staining colloid. 

B. Section of the thyroid gland of a patient with Graves’ disease (case #18) treated 
with thiouracil for 16 months, followed by a relapse one month later. Thiouracil therapy 
was resumed one month subsequently, but after it was given for six weeks a severe leu- 
copenia developed. This treatment was discontinued and iodide was given for 12 days, 
followed by no treatment for 6 weeks and then iodide for 10 days preceding thyroidec- 
tomy. Note the relatively slight amount of hyperplasia and the large amount of colloid. 

The significant point in A and B is that although neither patient received much 
thiouracil treatment immediately preceding operation each subject had received a rela- 
tively large amount of the drug and over a long period of time, but the histological 
changes were not extraordinary for similar patients treated with iodide alone. 
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treated for three or four months, eight for seven or eight months, three for 
11 or 12 months, one for 18 months, and one for 21 months. The amount of 
hyperplasia found in the thyroid glands of these patients was no more than 
that found in patients treated with thiouracil for only a few weeks (Figs. 13 
and 14). Quantitative comparions are difficult because of the marked 
variability in the histological changes in untreated cases, in ones treated 
for the same duration and even within the same gland. In none of the 121 
glands removed was there any evidence, macroscopically or microscopic- 
ally, of carcinomatous changes. There were colloid adenomata in 25, hyper- 
plastic adenomata in five, and both hyperplastic and colloid adenomata in 
five. In a few instances fibrous tags extended from the capsule. In this con- 
nection it should be pointed out that at operation the thyroid gland was 
found not infrequently to be adherent to muscles and other surrounding 
structures. 


DISCUSSION 
In the light of the results presented above and in the succeeding paper 
the question may be asked, ‘“‘What, now, is considered the place of thioura- 
cil in the treatment of thyrotoxicosis either with or without thyroidec- 
tomy?’’ Whatever opinions are expressed in the reply to this question 
represent only tentative conclusions, because further experiences with this 
drug, and especially with other antithyroid compounds, may well change 


our present impressions. 

Thiouracil is of great aid in the treatment of thyretoxicosis, whether 
used in conjunction with thyroidectomy or not. It is not necessary to use 
thiouracil in all cases of toxic goiter because in certain patients iodide is just 
as effective as thiouracil in controlling the disease, and in patients treated 
with iodide the technical difficulties of thyroidectomy do not tend to be as 
great as in ones treated with thiouracil. Moreover, the incidence of toxic 
reactions is less with iodide than with thiouracil. Although the effectiveness 
with which iodide can control a given case of thyrotoxicosis is often un- 
predictable, this is no serious drawback to a trial with it, because if the 
iodide is found to be unsuccessful thiouracil treatment can then be used in 
conjunction with the iodide. There are some patients with thyrotoxicosis 
to whom it seems imperative that thiouracil be given, as for example, in- 
dividuals with severe disease which is refractory to iodide therapy and 
associated with heart failure. Indeed, the drug is quite desirable in many 
less severe cases. However, it is welcomed for that group of patients who 
seemingly would prefer to die of thyrotoxicosis than be subjected to 
thyroidectomy. 

Whether it is wise to plan to treat. most instances of toxic goiter with 
thiouracil and without thyroidectomy is still in the realm of investigation. 
The most significant handicap to such a plan is the nature and relative 
frequency of the toxic reactions to thiouracil. This, however, has by no 
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means settled the question; the chief point awaiting elucidation is a deter- 
mination of the proportion of patients who will attain sustained or per- 
manent remissions of the thyrotoxicosis on cessation of all antithyroid 
treatment. To be sure, the latter point would be less significant if the toxic 
reactions were less prominent since the drug could be used more or less 
indefinitely. 

It is probable that in the use of thiouracil as in the performance of 
thyroidectomy, the treatment is not directed to the fundamental etiology 
of the disease but each form of treatment interrupts certain hormonal inter- 
relationships, permitting beneficial readjustments in the body. We have — 
reported above that sustained remissions have been maintained, thus far, 
in 49 of 100 patients for intervals of from three to 21 months. Perhaps with 
increased experience with this type of treatment the incidence of remissions 
can be improved. However, the 49 patients cannot be considered as cured; 
much longer periods of observation must be made before final evaluations 
are established. 

No course of thiouracil therapy should be started without giving more 
than light consideration of the patient and the many problems involved; 
this is especially true in individuals who are to be given a prolonged 
course of treatment. It is to be pointed out here, as shown in the following 
paper, that the longer thiouracil treatment is given to any one patient,-the 
greater are his chances of having a toxic reaction to the drug; there are no 
intervals known of absolute freedom from these reactions. Therefore, at 
certain periods one must weigh the value of continuation of therapy against 
the possible deleterious effects of such a plan. On the other hand, there are 
distinct disadvantages in not giving thiouracil for a long enough interval. 
Some consideration is now given to these facts and the general plan of ther- 
apy. One does not necessarily have to decide immediately whether thy- 
roidectomy should be performed. However, a decision is usually advisable 
within about two weeks since it is desirable to begin iodide therapy within 
this interval if the thyroidectomy is to be performed. It is granted that the 
iodide can satisfactorily be started earlier, and, moreover, its administra- 
tion would not be a significant handicap even if it were decided not to 
perform a thyroidectomy. It is sometimes of advantage not to indicate to 
the patient at the beginning of treatment definitely whether an operative 
plan is to be employed, especially if a thyroidectomy is not planned with 
certainty, because the development of severe toxic reactions, which gen- 
erally occur in the first few weeks of treatment, may preclude more thiou- 
racil therapy and thereby shatter the patient’s hopes of treatment without 
thyroidectomy. Moreover, this interval permits the physician to observe 
the cooperativeness, temperament and other characteristics which are 
important to know about before embarking on a long program of therapy. 

Most patients can be satisfactorily prepared with thiouracil for thyroid- 
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ectomy without hospitalization, providing that arrangements are made 
for keeping him under proper observation while he is ambulatory. Indeed, 
we favor permitting most patients to continue with part-time or full-time 
work. An interval of five weeks is usually all the time that is necessary, 
but there is no routine time; the aim is to get the patient essentially free of 
his thyrotoxicosis and in good general condition. After this has been ac- 
complished there is no need to risk the possibility of toxic reactions to the 
drug by giving more treatment, unless serious business obligations or some 
other such factor is important enough to justify a delay. 

If a decision is reached by the patient and the physician to try prolonged 
therapy with thiouracil, and a joint decision it should be, each individual 
must be aware of and must assume a number of significant responsibilities. 
The ones of these pertaining to toxic reactions are discussed in the following 
- paper; however, there are a number of other very important points. 

Some of the factors that must be borne in mind are the following tenta- 
tive conclusions. (a) The longer the interval of continuous thiouracil treat- 
ment the greater are the chances of securing a sustained remission of the 
thyrotoxicosis after cessation of treatment. (b) The longer the interval of 
therapy the greater are the probabilities of the appearance of toxic reac- 
tions. (¢) Repeated courses of thiouracil therapy cause toxic reactions more 
often than if the drug were given for the same length of time continuously; 
this principle also possibly applies to obtaining sustained remissions. (d) 
No more than a few weeks are usually required in the preparation of the 
patient for thyroidectomy. (e) Prolonged thiouracil therapy may or may 
not make this form of therapy more expensive than if thyroidectomy were 
performed early in the course of treatment. (f) The patient may not be 
subjected to the acute psychological trauma that is imposed by treatment 
early with surgery, but he may develop characteristics of chronic invalid- 
ism in association with prolonged treatment; he may be subjected to the 
latter and later to acute psychic trauma if thyroidectomy becomes indi- 
cated; moreover, there is to be considered the psychological effects of shat- 
tered hope of “‘cure without surgery” that often has existed for months, 
even though the physician has earnestly tried to condition the patient to 
this possibility; the appearance of severe toxic reactions also imposes a 
marked psychological upset in some individuals. (g) The less certainty of a 
“medical cure’ than a “‘surgical cure” is not only of some psychological 
annoyance, but it may cause significant delay in matrimony, child-bearing, 
and other such problems; such actions are not exactly forbidden, but it is 
often desirable to delay them until treatment is completed. (h) If the first 
long course of therapy is unsuccessful and it is decided to give another 
course, the patient should visit the physician more frequently than ever 
for the first few weeks, because of the possibility of toxic reactions to the 
thiouracil. 
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If it is decided to give prolonged thiouracil therapy it would seem advis- 
able, in view of the data presented above, to give the drug continuously 
for about one year or longer. The treatment can then be discontinued and 
the patient is observed at frequent intervals to ascertain whether or not a 
relapse will occur. If a relapse does occur, another course of thiouracil 
therapy may be given or it may be advisable to submit the patient to 
thyroidectomy ; just how long one should use thiouracil remains to be deter- 
mined. Prolonged use or repeated courses of treatment have not led to the 
development of refractoriness to the drug. 

Although the physician’s first consideration is to administer therapy 
which will ultimately be best for the patient, some consideration must be 
given as to how the administration of thiouracil therapy over a long 
period of time affects his own program. If the physician starts a patient on 
a prolonged course of thiouracil therapy he must do his part to ensure that 
the treatment will be carried out as planned; consequently, this entails a 
long interval of responsibility which at times may be inconvenient. It is 
granted that a change of physicians can be satisfactorily carried out if the 
situation is well-planned, but this cannot be expected in all cases. 

Of course, in planning prolonged antithyroid therapy it is to be borne in 
mind that some drugs will be found superior to thiouracil and consequently 
the treatment will be less hazardous. In rats we have found that 6-isobutyl- 
thiouracil is more than 20 times as goitrogenic as thiouracil. Preliminary 


studies with the former in 36 patients with thyrotoxicosis suggest that it 
has a stronger antithyroid action and less toxic effect. 


SUMMARY 


Thiouracil has been used in the treatment of 247 patients with thyro- 
toxicosis. All individuals experienced a remission of the disease which was 
maintained for as long as treatment was continued. One hundred and 
twenty-one patients were subjected to thyroidectomy. In three patients a 
two-stage operation was performed. Thyrotoxic reactions were less before, 
during and immediately following the operation than in comparable pa- 
tients treated with iodide, but there was greater vascularity and friability 
of the thiouracillized glands. The combined administration of iodide and 
thiouracil gave the best results. The patient was usually permitted to carry 
on with his work during the interval of pre-operative preparation. 

Ninety-five of these patients have been examined one or more times 
during intervals of from three to eighteen months; 85 have exhibited no 
evidence of thyrotoxicosis and no complications from the thyroidectomy; 
five exhibited a persistence of the thyrotoxicosis and two had a recurrence. 
Two patients developed a paralysis of one vocal cord, two were found to 
have tetany and one became myxedematous. 

In 100 patients, most of whom were treated with thiouracil for many 
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months, the therapy was discontinued. Forty-nine of these patients have 
gone without treatment for intervals of from three to 21 months, and none 
has experienced a relapse of the thyrotoxicosis. Fifty-one individuals ex- 
hibited a relapse of the disease within 0.5 to 5 months; in 66 per cent it 
occurred within one month. On cessation of therapy sustained remissions 
of the thyrotoxicosis were more apt to occur the longer the thiouracil had 
been given, when there was only slight enlargement of the thyroid gland, 
in subjects with slight increase in the basal metabolic rate and when the 
patients were females. The administration of desiccated thyroid or roent- 
genotherapy to a few patients did not increase the incidence of remissions. 

Sixty-three per cent of 69 patients, who were treated for eight months 
or longer, exhibited a decrease in the size of the thyroid gland; a few glands 
increased in size. There were no significant chronic toxic reactions to 
thiouracil. 

In the sections of thyroid glands of 31 patients treated with thiouracil 
for more than three months there was found no more hyperplasia of the 
acinar cells than is fotind when the thiouracil is given for only a few weeks. 
In none of the sections of the 121 thyroid glands removed was there any 
evidence of malignancy. 

In the use of thiouracil therapy there are a number of significant facts 
with which the patient and the physician must be acquainted. Each must 
face certain responsibilities fully and promptly, otherwise this therapy 
may lead unnecessarily to serious trouble. 
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HE pronounced effectiveness of thiouracil' in the control of thyro- 
toxicosis has been well established, but the types and frequency of 
toxic reactions to this drug have had relatively little discussion, because 
of the relatively small number of cases reported upon. In this study an 
analysis is made of 247 patients whom we have treated with thiouracil, 
as well as about 800 cases reported by others. It is hoped that by a better 
understanding of the toxic reactions this drug can be used more efficiently 
and safely. It is not possible to obtain from the reports in the literature the 
exact incidence of the various toxic reactions that have occurred. In some 
instances only the patients with toxic reactions are reported and in some 
the studies were terminated or pursued further depending upon whether 
the specific investigators had or had not encountered certain toxic reactions. 
The statistics dealing with the incidence of reactions given in this paper 
are based only on the reports that seem to present all of the patients with 
thyrotoxicosis treated with thiouracil. In some series treatment with this 
drug was given only for a short time, since it was used almost entirely for 
the preparation of patients for thyroidectomy, and in other series pro- 
longed treatment was given. Consequently, there was an opportunity for a 
higher incidence of toxic reactions in the latter group. Patients treated 
with thiourea and not with thiouracil are omitted from this study, as are 
the non-thyrotoxic subjects treated with thiouracil. 
The types of cases that we treated and the system of therapy employed 
have been described in another report (35); these points have also been 
given to some extent previously (36). 
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A total of 36, or 14.5 per cent, of the 247 patients in our series experi- 


enced toxic reactions to thiouracil (1). This figure seems to represent a good 
approximation of the incidence of reactions encountered by other inves- 


tigators. 


TYPES OF REACTIONS 


Toxic reactions that have occurred in this and other series consist of 
edema of the legs (37), headache (37), nausea, vomiting (38), diarrhea 
(38), jaundice (32), hematuria (28), leucopenia (11), agranulocytosis (1), 
purpura (9), fever (11), urticaria (38), maculopapular rash (38), arthritis 
(38) enlargement of lymph nodes (11), enlargement of the submaxillary 
salivary glands (39), oral sepsis (25), and psychosis (15). All of these condi- 
tions, except hematuria and jaundice, have been encountered in this clinic. 
However, it has been difficult in some instances to be sure whether thioura- 
cil had anything to do with certain of the supposed reactions. Patients are 
not invulnerable to other diseases just because they are taking thiouracil. 
For example, two patients developed psychoses within a few weeks after 
they had been treated with thiouracil, although they had apparently been 
previously well in this respect. 


Psychoses 

The first such patient, Case #148, was a woman, aged 42, who had severe 
thyrotoxicosis; the basal metabolic rate preceding treatment was plus 90 
per cent. The daily doses of thiouracil that she received were as follows, 
beginning May 13, 1944: 0.6 gm. for one week; 0.5 gm. for one week; 0.4 
for one month; 0.3 gm. for 10 days; and 0.2 gm. for five weeks. The basal 
metabolic rate fell to plus 14 per cent within six weeks. Six weeks later, 
on August 11, a few days after her psychosis had appeared, the basal meta- 
bolic rate was plus 17 per cent. The psychosis began with insomnia and 
worry over the condition of her son who had had trouble in the healing of 
a fracture. Although thiouracil was discontinued on August 14, the psy- 
chosis became progressively worse and the patient developed a state of 
marked agitation and depression, although the thyrotoxicosis seemed to 
be relatively well controlled with iodine. On September 15, the thyroid 
gland was “‘stolen.’’ The operation proceeded very smoothly. Within two 
days the patient began to improve and was essentially well one month later. 

A second patient, a woman, aged 27, with very mild thyrotoxicosis, ex- 
perienced the insidious onset of marked anxiety and depression after she 
had received thiouracil for three months. Although she did not receive 
more than 0.4 gm. of thiouracil daily her basal metabolic rate became nor- 
mal in two weeks and remained normal thereafter. Moreover, the clinical 
response was in accord with the changes in metabolic rate. Potassium io- 
dide was substituted for thiouracil one week after the appearance of the 
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psychosis, but the latter became progressively worse for about three weeks, 
and it did not clear up for several months. This patient seemed somewhat 
“queer” before any thiouracil was given, but no psychiatric investigation 
was made at that time. 

Dr. Mandel Cohen observed both of these patients and Dr. Raymond 
Adams followed the first one. It was the impression of these psychiatrists 
that the psychoses were most likely not due to thiouracil. While each pa- 
tient developed the psychosis during treatment with thiouracil, this com- 
plication is known to be frequently associated with thyrotoxicosis. Indeed, 
six other patients in our series had either been institutionalized or were 
being considered for this because of major psychoses appearing before any 
thiouracil therapy was given. 


Oral sepsis 

Oral sepsis, even without leucopenia, has been attributed to thiouracil 
in one series (25). Although we have observed this disorder in many pa- 
tients we have not noticed any changes attributed to thiouracil. 


Headache 


Headache developed in an occasional patient receiving thiouracil in 
daily doses of one gram, but since this amount was given to only a few of 
the patients treated shortly after therapy was introduced, this complica- 
tion has not been frequent or very significant. The same comments are 
applicable to nausea, vomiting and diarrhea. 


Edema of the legs 

Edema of the legs developed in patients receiving large dosages of 
thiouracil, one gram daily. No evidence of renal or cardiac damage was 
found to account for the edema. The total serum protein concentration 
was normal, but in some instances there was evidence of retention of 
sodium chloride in the body. 


Hematuria 


In a very few cases hematuria has been attributed to thiouracil (28). 
In our series we have found no such changes attributed to this drug al- 
though more than a thousand urine specimens of patients receiving thi- 
ouracil have been examined. In rats (40) no changes were found in the 
kidneys of animals receiving amounts comparable to several times those 
given to patients. 

Two of our patients maintained that thiouracil provoked an increase 
in the frequency and amount of urination. Although the former actually 
occurred there was no definite evidence of the latter. 
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Jaundice 

Jaundice has been reported (12, 17, 29, 32) in a few cases and some 
parenchymatous liver changes (12, 17) have been observed, but they did 
not appear in any of our patients. 










Purpura 

Purpura, associated with thrombocytopenia, has been described (9). 
This has not been observed in our series but one patient (Case #3) developed 
spontaneous ecchymoses after having received thiouracil for an interval of 
eight months. Her platelet count was normal as was the prothrombin time. 
A deficiency of Vitamin C did not seem likely, as she had a good ingestion 
of this in her diet, supplemented in the first month of treatment with 50 
mg. of cevitamic acid, daily. The tourniquet test was negative. This same 
phenomena was observed in another patient, with the same negative lab- 
oratory findings, but this patient as well as several members of her family 
had experienced spontaneous ecchymoses throughout life. 
















Lymphadenopathy 

Enlargement of lymph nodes, definitely attributable to thiouracil, was 
not present in this series of cases, but it has been observed by others (11, 
25) in a few instances. 










Salivary gland enlargement 

Moderate enlargement of the submaxillary salivary glands occurred in 
one of our patients (39). In dogs, we have found that thiouracil decreases 
the peroxidase content of the submaxillary glands; whether this has any- 
thing to do with the enlargement is not known. 











Skin eruptions 

Rashes, of the maculopapular type, have been observed by most inves- 
tigators who have treated many patients with thiouracil. It occurred in six 
of our patients and urticaria was present in five others. 








Affections of the joints 
4 Significant joint changes occurred in only three patients although gen- 
4 eralized aching and malaise were associated with several of the toxic 
reactions. In one, a typical picture of acute rheumatoid arthritis was 
present before any treatment was given, and its course did not seem to be 
modified by the treatment. In another, an acute inflammation of many 
joints, along with fever and urticaria, appeared after two weeks of thioura- 
cil treatment but on cessation of the drug therapy the reactions rapidly 
disappeared without sequelae. The third patient (Case #12), previously 
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without joint changes, after treatment with thiouracil for seven months 
developed an acute polyarthritis with slight fever. Thiouracil was discon- 
tinued without significant effect on the joints or temperature, but when 
this drug was given one month later it provoked a well defined febrile 
response, but neither drug seemed to alter the course of the arthritis, 
which now, for several months, has been characteristic of rheumatoid 
arthritis with some of its crippling deformities. That thiouracil had any 
effect on precipitating this arthritis seems improbable but not impossible. 


Fever 


Fever due to thiouracil occurred in seven of our patients and in 25 of 
795 reported by others. Consequently, fever occurs in about three per cent 
of the patients treated with this drug. 


Agranulocytosis 


The reactions that cause greatest concern are leucopenia and agranulo- 
cytosis. The application of these terms has varied somewhat in different 
clinics. The term leucopenia is generally applied by hematologists when 
the total leucocyte count is less than 5,000. However, in dealing with thyro- 
toxic patients one must bear in mind that leucopenia and neutropenia may 
occur in untreated cases. In some instance, the leucocytes count may be as 
low as 3,300, and the neutrophilic cells may constitute less than 30 per cent 
of the total. In 16 per cent of a group of 116 patients in this study, the 
total white count was less than 5,600 preceding treatment with thiouracil. 
Moreover, in 25 per cent of the patients, the proportion of neutrophils was 
less than 50 per cent. The counts were found to show distinct variation 
from day to day in certain patients although no therapy was given. The 
leucocytic changes are probably due to some hormonal alteration. Thus, it 
is often difficult to differentiate between the leucopenia of thyrotoxicosis 
and that due to thiouracil. Indeed, this is true although one has carefully 
observed a decrease in the leucocytes during thiouracil therapy, because the 
decline may (a) represent a spontaneous fluctuation, or (b) result from 
hormonal or other metabolic changes produced by the drug. However, 
this second concept again leads to the difficult-problem of differentiating 
between what may be considered ‘‘physiological’’ and what may be desig- 
nated as ‘‘toxic.’”’ It also involves a consideration of the pathogenesis of - 
all leucopenias. In view of these unanswered questions, we have arbitrarily 
considered total leucocyte counts below 3,500 as being due to a toxic 
reaction to thiouracil, and most of those below 4,000 as probably due to 
this drug. Counts between 4,000 and 4,500 we have regarded as incon- 
clusively the result of toxic reactions, but patients with a count at this 
level are followed more closely than if the count were higher. 
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The total leucocyte count must be considered in conjunction with the 
differential count. When the total count was above 4,000 we did not feel 
much disturbed unless the granulocytes constituted less than 35 per cent. 
To be sure, there were probably several subjects with toxic reactions af- 
fecting the leucocytes in whom the granulocytes constituted more than 35 
per cent of the white blood cells. On the other hand, there probably were 
some patients with lower leucocyte counts which were not due to toxic 
effects of thiouracil. 

The term agranulocytosis has ordinarily been used in this clinic to apply 
only to the patients experiencing a decrease in the total white blood cell 
count to about 2,000 or below, and/or a decrease in the granulocytes to 
about 2 per cent or lower. The presence of infection is not regarded as a 
requirement for this designation. To have a small percentage of granulo- 
cytes seems to offer so much better a prognosis than to have none that it is 
important to clarify the terminology. 

Of 793 reported cases with data satisfactory for analysis there were 38 
patients (4.8 per cent) with leucopenia and five (0.6 per cent) with agranu- 
locytosis. Three of these patients died. Of the 247 patients whom we treated 
there were 13 (5.2 per cent) with white blood cell counts that decreased to 
3,800 or below during treatment and three (1.2 per cent) that developed 
agranulocytosis. In one of the three cases the agranulocytosis may have 
been due to sulfathiazole. All of these patients recovered. 

Following the discovery of agranulocytosis or leucopenia, all such patients 
were hospitalized, with the exception of three who had only slight reac- 
tions. Thiouracil treatment was discontinued in each patient, save a few 
mild cases, and potassium iodide was substituted. The severe reactions 
were treated with the following: pentnucleotide in daily doses of from 20 
to 40 cc. for about one week or longer; crude liver extract (2), 10 ce. 
three times daily, orally, and 5 cc. of the same compound twice daily, 
intramuscularly; five or ten capsules of liver extract (2), orally, three times 
daily; and pyridoxine hydrochloride (2), intravenously, in doses of 200 
mg. once or twice daily and 100 mg., subcutaneously, twice daily. Sul- 
fadiazine or sulfathiazole was given in doses of 6 grams daily. Penicillin 
was administered intramuscularly in daily dosages of from 100,000 to 
200,000 units. Other medications generally included were: brewers’ yeast, 
15 grams daily, cevitamic acid, 50 mg. daily, and thiamine chloride, 5 mg. 
daily. Emphasis was placed on good nursing care of the patient. Exposure 
to drafts and infections was avoided, and the patient was encouraged to 
eat as much as possible. Glucose and saline were given when he was not 
eating satisfactorily. 

A brief summary of the pertinent factors in each case of leucopenia or 
agranulocytosis is given in the Appendix. 
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CONSIDERATION OF CERTAIN FACTORS IN RELATION 
TO TOXIC REACTIONS 
In this section a consideration is given to certain characteristics of indi- 
vidual patients as well as to the method of thiouracil treatment with the 
hope of establishing principles which could be followed to decrease the 
frequency of the reactions. Chief attention was given to factors which were 
possibly related to leucopenia and agranulocytosis. 


A. AGE OF PATIENT 


In 25 patients reported with leucopenia the age varied from 15 to 72 
years, and the average was 46; 11 were 50 years of age or older. Of five 
patients dying of agranulocytosis, three were over 50 years of age. In our 
series of 16 cases of either leucopenia or agranulocytosis, age was not so 
important since only two were over 50; the ages of this group ranged from 
25 to 63 and averaged 41. Moreover, age was not an important factor in 
the other toxic reactions. 


B. Sex OF PATIENT 


In the cases reported, as in our series, there were approximately four 
times as many women as men who developed suppression of the white 
blood cells, but this rate is approximately the ratio of occurrence of thyro- 
toxicosis in the sexes. In our series all of the patients developing fever, 
urticaria, arthritis, edema of legs, headache, nausea, vomiting, diarrhea, 
and neuritis were women. Five of six with maculopapular eruptions were 
female patients. ‘ 


C. GENERAL CONDITION OF THE PATIENT 


The condition of the patient did not seem to play a significant part in 
our series. It was difficult to appraise the literature in this respect. How- 
ever, two patients (10, 17) who died of agranulocytosis seemed to have been 
in a very poor general condition; one patient (17) had diabetes, weighed 
only 77 pounds, and was 62 years old; the other patient (10) was 70 years 
of age, had been hospitalized 15 times, and was extremely emaciated 
weighing only 97 pounds. Another patient had diabetes (4). 


D. OTHER MANIFESTATIONS OF SENSITIVITY 


In our series of patients, three had previously developed a rash from 
iodide, but none of these had toxic reactions to thiouracil. Four patients 
developed a rash on taking iodide after discontinuation of thiouracil 
therapy; one of these patients (Case #32) had reacted to thiouracil with 
fever and leucopenia and another had reacted to it with fever. One patient 
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had had agranulocytosis because of sulfadiazine, but she took thiouracil 
for more than a year without trouble. One patient (Case #37) developed 
a rash from sulfathiazole and at the same time, agranulocytosis, which 
may have been due to thiouracil. 

Two patients (Case #4 and Case #149) who developed leucopenia to 
thiouracil therapy had previously developed skin rashes with phenobar- 
bital. ; 

The patient of Astwood (1) who developed and recovered from agranu- 
locytosis, due to thiouracil, later developed a febrile reaction to sulfa- 
thiazole and a scarlatinaform eruption to phenobarbital (2). 


E. TYPE AND RATE OF RESPONSE OF THYROTOXICOSIS 


The type, severity and rate of response of the thyrotoxicosis apparently 
had no significance except that in some instances when the response was 
slow very large doses of thiouracil were given, which, in turn, tended to 
increase the incidence of toxic reactions. 3 


F. Doser OF THIOURACIL 


In some instances (15, 50) marked leucopenia developed although only 
about 10 gm. of thiouracil had been given. On the other hand, some of our 
patients took over 200 gm. without toxic reactions. The significant point 
about the dose is the total daily intake. In 32 cases of leucopenia and agran- 
ulocytosis reported, 18 received what is now regarded as definitely excessive 
doses, in most instances about one gram daily. Seven of the eight reported 
cases of agranulocytosis were given excessive amounts of the drug. In our 
series, the doses used in the early treatment of the first few cases were un- 
necessarily large but it so happens that none of the patients who developed 
leucopenia or agranulocytosis received excessive amounts of thiouracil. 

All of the patients who developed edema of the legs, except one, were 
receiving relatively large doses of thiouracil; decrease in the dose ac- 
celerated the disappearance of edema. Headache, nausea, vomiting, en- 
largement of the submaxillary salivary glands, jaundice, purpura and diar- 
rhea were usually associated with large doses. 

There was a less striking relationship of dose to the development of fever, 
urticaria, maculopapular eruptions and neuritis. 


G. CONCENTRATION OF THIOURACIL IN THE BLOOD 


The concentration of thiouracil in the blood was estimated in one or 
more patients showing one of the toxic reactions listed above, other than 
neuritis. In no instance was the concentration out of proportion to that 
of other individuals receiving the same dose. 
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H. DuRATION OF CONTINUOUS TREATMENT 

In 18 (7.3 per cent) of our patients the discontinuation of thiouracil was 
considered necessary. In two others, each with urticaria, cessation of ther- 
apy was regarded advisable. In our series of patients, agranulocytosis ap- 
peared after six weeks of treatment in one subject, after seven weeks in 


F 


AGRANULOCYTOSIS 


LEUCOPENIA 


FEVER 


RASH 








ARTHRITIS 


NEURITIS 





2 4 


MONTHS 


Fig. 1. The horizontal lines represent the intervals of thiouracil therapy in individual 
cases. The short vertical lines indicate the appearance of toxic reactions. The total 
leucocyte count is given. 


one, and after 11 months in one (Fig. 1). In five of eight cases reported 
(Fig. 2) it occurred after from five to eight weeks of treatment. In one it 
occurred after four months of therapy and in another case it developed 
after about 5.5 months of treatment. In the eighth case the agranulocytosis 
developed during a third course of therapy. Therefore, the interval between 
five and eight weeks appears to be the most significant one as far as 
agranulocytosis is concerned. 
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APPEARANCE OF AGRANULOCYTOSIS 
OR LEUCOPENIA 


REFERENCES 


Fic. 2. The horizontal lines represent intervals of thiouracil treatment in 32 patients 
reported in the literature. The short vertical lines indicate the appearance of leucopenia 
or agranulocytosis. The total leucocyte count is given. 
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Fic. 3. Note the leucopenia and granulocytopenia preceding treatment and their 
disappearance in spite of the administration of large doses of thiouracil. This patient 
received more than 200 gm. of thiouracil during an interval of 18 months, but he never’ 
had leucopenia or granulocytopenia after the first few weeks of treatment. 
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Leucopenia was found to be quite variable as to its time of appearance 
and disappearance. 


1. Leucopenia preceding treatment 

In our series as well as in others reported a moderate leucopenia and 
granulocytopenia were sometimes present before any treatment of any 
type had been given. Occasionally the white blood cell count was as low 
as 3,300 and there were less than 40 per cent granulocytes. Failure to ob- 
tain a leucocyte count before treatment may lead to a misinterpretation 
of the significance of some instances of leucopenia (Fig. 3). 


2. Leucopenia appearing early in the course of treatment 

Most of the leucopenias in our series (Fig. 1) as well as the ones reported 
by others (Fig. 2) have appeared during the first four months of treatment. 
There seems to be a tendency for the white ‘blood cells to decrease when 
treatment is started (Fig. 4). Indeed, Eaton (8) found, in 36 cases, a mean 
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Fie. 4. Note the precipitous drop in the leucocyte count soon after treatment was 
started. The severity of the thyrotoxicosis (Case #104) and its refractoriness to iodide 
therapy made a continuation of thiouracil treatment very desirable. With a reduction 
in the dosage of the latter drug a satisfactory response in the thyrotoxicosis occurred 
with a concomitant return to normal of the white blood cells. 


drop of 700 during the first month of treatment. McCullagh and associ- 
ates (21) noted in one patient that on the first day of treatment the white 
blood cell count was 2,500 and on the following day it was 2,150. The pre- 
treatment leucocyte count was not given; but it would, indeed, be rare to 
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find such a low count in an untreated thyrotoxic patient. Grollman and 
Gryte (14) state that in four of their patients there was a drop in the leu- 
cocyte count to between 3,000 and 4,000 on the third or fourth day of 


treatment. 


3. Leucopenia appearing late in the course of treatment 


A few of our: patients who were treated with thiouracil continuously for 
several months and had a smooth course in every respect developed a 
pronounced leucopenia (Figs. 1 and 2). This appeared in spite of the fact 
that routine monthly white blood cell counts had been persistently normal. 


4. Effect of continuing thiouracil therapy after leucopenia has appeared 


A variety of changes in the white blood cell count may take place with 
continuation of thiouracil treatment. Leucopenia existing before treat- 
ment may disappear while thiouracil is being given (Fig. 3). Continuation 
of thiouracil therapy may change some benign leucopenias into agranulo- 
cytosis. On the other hand some leucopenias disappear in spite of continued 
therapy. In a few instances the leucopenia may develop several times in the 
same patient. 

In a patient treated by Nussey (27) the white blood cell count was 5,200 
with 45 per cent of polymorphonuclear cells. After 11 days of thiouracil 
therapy the count was 4,000 with 38 per cent polymorphonuclear cells, 
and after five months it was 3,800 with 36 per cent polymorphonuclear 
cells. 

An occasional patient in our series exhibited what might be called a 
“flickering leucopenia.” In these individuals there was a leucopenia for only 
about one day, daily white blood cell counts before and after this episode 
being normal. Repetition of the count on the same day attested its ac- 
curacy. 

McGavack and associates (22) found that in two patients with leuco- 
penia, one with a white blood cell count of 2,500 and one with a count of 
3,500, the count returned to normal without changing the dosage of thi- 
ouracil. This phenomenon was also demonstrated in three of our patients; 
the response in two of these patients is shown in Figures 3 and 4. Sometimes 
the white count returns to normal, even with continuation of treatment, 
but decreases at a later date. For example, in one patient. (30) the leuco- 
cyte count decreased from 8,200 to 4,100 after treatment for 10 days, but 
became normal the following day and remained there for seven months. 
However, it then decreased to 2,800. 

Just how long it takes for the leucocyte count to change from a normal 
level to agranulocytosis, under thiouracil therapy, is not known since most 
of the patients appearing with agranulocytosis have not had a leucocyte 
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count for at least one week previously. In Case #44 there is a possibility 
that thiouracil was taken for several weeks in the face of leucopenia. This 
phenomenon may also have existed in Linsell’s case (18). After his patient 
was treated for three months and one week she had fever and sore throat 
with ulceration of the mouth which cleared up spontaneously. Thiouracil 
was continued and four months from the beginning of therapy she devel- 
oped an identical though very much more severe febrile attack with a 
leucocyte count of 1,200. The patient was not very cooperative and had 
not had a previous count for over two months. 

McCullagh and colleagues (21) report one patient who after taking 
thiouracil for about four months developed pain and swelling in the region 
of some of the joints and a leucocyte count of 3,150 with 28 per cent neutro- 
phils. Lugol’s iodine solution was then used instead of thiouracil. However, 
the patient developed a fever and arash and so the iodine was discontinued. 
After two weeks without thiouracil this therapy was reinstituted. Three 
weeks later the white count was 3,800. The dose of thiouracil was then 
increased from 0.2 gm. to 0.6 gm. daily, and about two months later the 
white blood cell count was 4,300. Continuation of therapy after fever 
appears almost always causes a progressive increase in the febrile reaction, 
associated with anorexia, generalized aching, malaise, and chilliness. 


5. Effect on leucopenia of cessation of thiouracil therapy 


In most patients with leucopenia, on discontinuing thiouracil therapy 
the white blood cell count returned to normal. From one day to two weeks 
were required to accomplish this (Fig. 5). The three patients in our series 
(Cases #18, #61, #202 and #240) had not experienced any suppression of 
the white blood cells until they were given a second or third course of 
thiouracil therapy; they then developed a well-defined leucopenia. One 
of Gargill’s (12) patients received two courses of thiouracil, each for several 
months, without complications, but during the third course she developed 
agranulocytosis which led to her death. In two other patients (6, 24) ex- 
periencing marked suppression of the leucocytes, the therapy was inter- 
rupted. 

One of our patients (Case #34), developed marked leucopenia, fever 
and sore throat with each of two courses of thiouracil. The second course 
was not prescribed. Five weeks- were required for a reproduction of the 
first reaction. One patient of Paschkis et al. (29) developed a decrease in the 
leucocyte count to 2,500 after she had been treated with thiouracil for 
eight months. The leucopenia, as well as an associated rash, disappeared 
three days after cessation of thiouracil therapy. Forty-eight hours after 
treatment was resumed the leucocyte count decreased again. 

On the other hand, a few patients who developed leucopenia subse- 
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quently were treated with thiouracil without any ill effects. For example, 
Palmer (27) states that in five of her cases the leucocyte count decreased 
to 3,000, less than 50 per cent of which were polymorphonuclear cells. With 
cessation of therapy for a minimum of 72 hours the leucopenia disappeared 
and did not reappear with renewal of therapy. McCullagh (21) found in one 
of his patients that the leucocyte count was 2,550 on the first day of treat- 
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Fie. 5. Note the time required for the leucocyte count to return to normal in four 
patients who experienced reactions to thiouracil. One subject reacted with marked 
leucopenia a second time on inadvertently taking the drug again. 


ment and 2,150 on the following day. Therapy was discontinued and the 
white count was normal on the following day. One week later treatment 
was resumed and continued for six months without the production of leu- 
copenia. 

Rose and McConnell (30) observed one patient whose leucocyte count 
decreased to 1,200 with 28 per cent neutrophils, after receiving thiouracil 
for 23 days. Thiouracil was discontinued, but two days later the patient 
developed a high fever, tonsillitis and pharyngitis. These reactions subsided 
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after a few days and eight days later thiouracil therapy was resumed. After 
six days of treatment the leucocyte count was 2,400 so the drug was again 
stopped. One month later it was resumed and was given for two months 
without the development of leucopenia. 


6. Other reactions 


Febrile reactions developed at intervals of from a few days to several 
months after beginning thiouracil treatment (Fig. 2). Many of the febrile 
reactions reported (2, 3, 11, 12, 22, 26, 29) have occurred between the 
seventh and the eleventh day. The temperature tended to become mod- 
erately elevated within one or two days, but generally disappeared within 
two days after cessation of therapy. In all of our cases and in most of the 
ones reported by others, a second course of thiouraril again provoked a 
febrile reaction usually within one day. Some patients took thiouracil for 
several months without any type of reaction. With resumption of therapy, 
after an interval of a month or more without treatment, fever was pro- 
voked. 

Urticaria generally appeared within the first few weeks of treatment. 
In some patients the reaction disappeared in spite of of continuation of 
thiouracil therapy, whereas in others the skin reaction was so intensified 
that the treatment had to be abandoned. 

The maculopapular eruptions tended to appear during the first few 


weeks of therapy and they disappeared after a few days in spite of con- 
tinuation of therapy. It is our custom to reduce the dose of thiouracil until 
the rash has gone. 

Neuritis was found to appear at intervals after starting treatment. In 
each patient it disappeared in spite of continuation of thiouracil therapy 
when thiamine chloride and brewer’s yeast were given. 

Edema of the legs appeared in the first month of treatment, in our 


series. 
Headache, nausea, vomiting and diarrhea all appeared in the first two 


weeks. 
PATHOGENESIS OF THE TOXIC REACTIONS 


The exact mechanism by which thiouracil produces toxic reactions is 
not known. It is a pyrimidine and is just like one constituent of the body, 
uracil, except that the latter has an oxygen atom instead of sulfur; but 
this difference is enough to cause marked alteration in the biologic effects. 

Toxic reactions to thiouracil might be due to: (a) a hypersensitivity, 
(b) competitive reaction, displacing certain substances in the body, per- 
haps ones with similar structures, thereby preventing the performance of 
normal biochemical reactions, and (c) some type of direct chemical inter- 
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action. The last phenomenon, if it exists at all, must not be common, other- 
wise there would be a more direct relationship of doses to toxic effects. The 
second factor might be at work in spite of the lack of any consistent dose— 
toxic reaction ratio. The general nutritional state of the patient and his 
diet might be of concern and of course these factors vary a great deal in 
different patients with thyrotoxicosis. Nevertheless, most of the toxic re- 
actions can be accounted for much better on the basis that thiouracil might, 
in some indjviduals, produce a state of hypersensitivity. Although thio- 
uracil is not a protein it does combine with protein (41), particularly the 
proteins of the blood cells. By such a combination it might be possible in 
some individuals to alter sufficiently the character of the protein so that it 
would act as a foreign body. The characteristics of the toxic reactions are in 
many ways typical of a state of hypersensitivity. The reactions occur only 
in a small proportion of individuals. They usually do not appear the first 
time until after the subject has received treatment for about ten days or 
longer, but subsequent reactions occur much more promptly. The maculo- 
papular eruptions, urticaria, and arthritis appear like hypersensitive reac- 
tions. The fact that large doses of thiouracil were more apt to produce the 
reactions than smaller ones is still in keeping with the foregoing hypothesis 
because the more antigen of any type the greater are the chances of produc- 
ing a reaction. Moreover, the fact that some patients lost the hypersensi- 
tivity state is also compatible with the foregoing concept. 


INTRADERMAL TESTS OF HYPERSENSITIVITY 
TO THIOURACIL 


An effort was made to demonstrate more clearly a state of hypersensi- 
tivity to thiouracil in some of the patients by using skin tests. There were 
two studies conducted in this connection. For the first study serum was 
obtained from a patient convalescing from rheumatic fever. This patient 
was then given two grams of thiouracil daily for four days and serum was 
again obtained. Having established that each specimen was sterile, intra- 
dermal tests were performed on 12 subjects who had exhibited toxic 
reactions to thiouracil. Four of the patients had reacted with fever, four 
with a maculopapular eruption, two with marked leucopenia and two with 
urticaria. Each subject was tested with the untreated serum, thiouracil- 
containing serum, and one per cent sodium thiouracil solution in saline. 
About 0.005 cc. of each substance was injected intradermally into the fore- 
arm; the latter was inspected after 20 minutes and after 24 hours. In no 
patient was a significant reaction observed. 

The second study was somewhat similar to the first, but washed red and 
white blood cells were used. Blood was drawn from a non-thyroid patient 
who had recovered from a myocardial infarction. The plasma was removed, 
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but care was taken not to withdraw the leucocytes. The blood cells were 
washed twice with physiological saline and then diluted with an equal vol- 
ume of saline. About one-half of this mixture was used as a control speci- 
men and to the other half was added enough thiouracil to give a concentra- 
tion of 100 mgm. per 100 cc. The above-mentioned patient was given two 
grams of thiouracil daily for five days, and then blood was withdrawn and 
prepared in the same manner as the control cells. 

About 0.05 cc. of each of these solutions was injected intradermally into 
eight patients, three of whom had previously reacted to thiouracil with a 
fever, two with a rash, two with marked leucopenia, and one with fever 
and arthritis. Three of the patients reacted slightly to each of the solutions 
of cells containing thiouracil and had no reaction to the control cells. 


ROUTINE TREATMENT WITH LIVER EXTRACT 


For several years it has been our custom to supplement the diet of thyro- 
toxic patients with brewer’s yeast and_ thiamine chloride, and sometimes 
other vitamins. Soon after the report of Goldsmith and associates (13) 
indicating that liver extract protected against thiourea-induced leucopenia 
in rats, we began to use liver extract? orally in all thyrotoxic patients. 
About 100 patients were given this therapy. Usually six capsules were given 
daily. Nevertheless, in spite of this treatment, three patients developed 
leucopenia, two exhibited skin rashes, and two developed febrile reactions. 
None of the patients taking liver capsules developed agranulocytosis. 


FACTORS TO BE CONSIDERED IN REDUCING 
TOXIC REACTIONS 


Although much additional knowledge is needed, some tentative conclu- 
sions can be drawn at present to serve as a working basis. In the light of 
the data presented, it is clear that toxic reactions to thiouracil may occur 
at any time from the first few days to more than a year of treatment. The 
larger the dose, the longer the treatment, the more interrupted the treat- 
ment, the poorer the nutritional state of the patients, and the more allergic 
stigmata, the greater seem to be the chances of toxic reactions. Because of 
the time factor alone, it is obvious that patients who receive thiouracil 
only in preparation for thyroidectomy will experience fewer toxic reactions 
than those receiving prolonged treatment with thiouracil. However, the 





* Two forms of liver extract were used in these studies, one a liquid and one a powder. 
The former was a standard preparation, Wilson’s Liver Injection (Crude) U.S.P., 2 
U.S.P. Units (injectable) per cc. The powder was a special preparation supplied in cap- 
sules by the Lederle Laboratories. Each capsule contained 0.53 gm. of liver fraction 
powder with 0.40 mg. of the L. casei factor. 

The pyridoxine hydrochloride solution contained 100 mg. per cc. 
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choice between surgical and non-surgical methods of therapy depends upon 
the efficiency of thiouracil in producing a permanent remission of thyro- 
toxicosis, which is at present an unanswered question. Regardless of what. 
course is pursued, it is advisable to use the minimal effective amount of 
thiouracil. It rarely is necessary to use more than 0.6 gm. per day and in 
many cases not even this amount is required, especially in old or decrepit 
individuals. In‘some instances larger doses have been used in an attempt to 
reduce the period of preoperative preparation. Sometimes large doses have 
been used because of the slow response made by patients previously treated 
with iodide. In this connection, it must be borne in mind that although 
thiouracil interferes with the manufacture of thyroid hormone, it does not 
have the effect of iodide in storing hormone that has already been formed. 
Consequently, the hormone can enter the blood-stream and maintain an 
increased metabolic rate, but in time it will become depleted ee Fig. 9 
in the preceding paper). 

In some cases there is a question of whether an infection has caused sup- 
pression in the white blood cell count or whether the infection resulted 
from the leucopenia. Regardless of how often the former may occur, when 
a patient receiving thiouracil develops a sore throat or some other infection 
it is a matter of great concern tothe physician because there is potentially 
a chance of leucopenia. Even though the white blood cell count is normal 
at the time there is still a possibility that a marked depression may occur 
during the next few days. It often is not practical to repeat the leucocyte 
count daily. One does not wish to discontinue therapy since it is believed 
that repeated interruption of treatment may predispose to the development 
of toxic reactions. Under these circumstances it has been our policy to 
administer a dose of 0.1 gm. every two days until the infection has sub- 
sided. This same policy is used if the patient must be given sulfonamide. It 
is believed that by thus greatly reducing the dosage of thiouracil the likeli- 
hood of having a reaction will be decreased, and that by giving an occa- 
sional small dose there is less of a chance of developing a hypersensitive 
state. It is not desirable to give a sulfonamide and thiouracil simultane- 
ously since each may depress the leucocyte count and there may be a siner- 
gistic effect. Moreover, it is to be borne in mind that the sulfonamides also 
have a significant anti-thyroid action. 

Although there is no convincing proof that vitamins offer prophylaxis 
for leucopenia, it is our policy to administer B-vitamins routinely, since 
some patients with thyrotoxicosis are deficient in many vitamins. 

Before any long term therapy is begun it is important that the physician 
and. the patient have certain facts clearly in mind and that each is willing 
to assume specific responsibilities. Treatment should be continuous for 
many months and during this interval frequent check-ups must be made. 
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Therefore, if either the physician or the patient leaves his present locality 
other arrangements for the care of the patient must be made. The patient 
must consult the physician if he becomes sick in any way, even though he 
may regard his troubles as trivial. If the patient complains of generalized 
aching, malaise, feverishness, sore throat, pains in the joints or the “grippe,”’ 
it is most important that the leucocyte count be made regardless of whether 
it was checked only three or four days previously. If generalized malaise 
or aching are present, and especially if fever is also present, without any 
explanation other than a possible effect of thiouracil, it is advisable either 
to decrease the dosage of thiouracil and follow the patient carefully or to 
discontinue this form of therapy. Often the basal metabolic rate is normal at 
the time that such reactions occur. Consequently iodide can be substituted 
and thyroidectomy can be performed satisfactorily. With a good alternative 
treatment the risk of more serious complications is not justified. However, 
under some conditions the indications for the use of thiouracil are great 
enough to warrant taking strong chances. 

A delay of two or three days in the attention given some patients may 
lead to disastrous consequences. Patients who demonstrate a poor ability 
to cooperate, either because of stupidity, stubbornness, or other reasons, 
should be made to cease this form of therapy as soon as suitable arrange- 
ments can be made. 

It is our policy to provide the patient with a supply of thiouracil only 
slightly in excess of his needs at each visit. If he fails to keep a given ap- 
pointment, we attempt to get in touch with him immediately. His failure 
to appear is often because either he is very sick or is sick enough to believe 
that his basal metabolism tests will not be satisfactory. Consequently it is 
always important for the patient to realize that the results of the basal 
metabolic rate determination are much less important than to find out 
whether toxic reactions are present. The patient should feel free to consult 
his physician on slight provocation, because a little early attention may 
save both a great deal of worry and trouble. 

Discontinuation of thiouracil treatment is the most important factor 
in treating severe reactions to this drug. If agranulocytosis develops, vigor- 
ous treatment with penicillin, and sometimes sulfadiazine, should be given 
along with good nursing cafe and the maintenance of the patient in a good 
state of nutrition. We administer pyridoxine hydrochloride, crude liver 
extract and pentnucleotide in large doses although we are not sure how 
much value any of these may have. 


SUMMARY 


In the treatment of 247 patients with thiouracil, toxic reactions to the 
drug were encountered in 36, 14.5 per cent. Thirteen patients, 5.2 per cent, 
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exhibited a decrease in the leucocyte count to 3,800 or below, and three 
others, 1.2 per cent, developed agranulocytosis. One of the cases of agranulo- 
cytosis was discovered after the patient had been given sulfathiazol for a 
few days. Excluding our own, of 793 cases reported, which we found satis- 
factory for statistical analysis, 38, or 4.8 per cent, reacted to thiouracil 
with leucopenia, and five, 0.6 per cent, had agranulocytosis; three of the 
last group died. 

In the 247 patients in our series, there were febrile reactions in seven, 
maculopapular eruptions in six, edema of the legs in six, urticaria in five, 
neuritis in five, arthritis in two, enlargement of the submaxillary salivary 
glands in one. There was a rare complaint of headache, nausea, vomiting 
and diarrhea. 

In 18 patients, 7.2 per cent, it was necessary to discontinue thiouracil 
therapy because of reactions to this drug. In two additional instances, each 
with urticaria, cessation of treatment was regarded as advisable although 
perhaps not compulsory. All of the patients in our series recovered from 
the toxic reactions. Indeed, it is quite noteworthy that each of the three 
patients with agranulocytosis not only recovered from this reaction but 
have gone for intervals of from eight to 20 months free of thyrotoxicosis in 
spite of no treatment. 

The nature of the toxic reactions indicate that they probably result 
from a state of hypersensitivity which possibly results from an alteration 
in the patient’s protein following its combination with thiouracil. In eight 
patients who had exhibited various toxic reactions to thiouracil, intra- 
dermal tests using serum containing thiouracil failed to provoke a signifi- 
cant reaction. Intradermal tests in 12 patients using blood cells containing 
thiouracil caused a few slight reactions, but most of the tests were nega- 
tive. 

The routine administration of special capsules of liver powder, containing 
more folic acid than usual, did not afford any definite protection against 
the development of toxic reactions. 

Unnecessarily large doses of thiouracil and long interrupted intervals of 
treatment tend to increase the frequency and severity of toxic reactions. 
Although the toxic reactions are prone to occur during the first few weeks 
of therapy they may appear at almost any time. Therefore, the physician 
and the patient must have a well-organized program of therapy when this 
drug is used. The patient must be educated to the problems involved and 
should feel free to consult the physician immediately when difficulties 
develop. Patients or physicians not endeavoring to face these problems 
earnestly should not use thiouracil therapy. 

We are very grateful to the large number of physicians and other assistants who have 
made these studies possible. 
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APPENDIX 
Agranulocytosis after treatment for seven weeks 


Case #35; a female patient, aged 50, with a basal metabolic rate of plus 40 per cent, 
was treated as an ambulatory patient, using 0.2 gm. of thiouracil three times daily for 
two weeks, 0.2 gm. twice daily for two weeks and then 0.2 gm. daily for the next three 
weeks. The basal metabolic rate declined to minus 8 per cent after treatment for four 
weeks and the signs of thyrotoxicosis largely subsided. Seven weeks after beginning 
thiouracil therapy the patient developed general aches and malaise and a slight infection 
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of one of her fingers. Her temperature was 101°F. The leucocyte count was 2,100 with 1 
per cent granulocytes. Each of four previous white counts had been normal, but no 
count had been made for two weeks preceding the infection. 

With sulfadiazine, pentnucleotide, cevitamic acid, thiamine, brewer’s yeast, and large 
doses of crude liver extract given orally and parenterally the patient recovered from 
her agranulocytosis after having had very few or no granulocytes in the blood stream 
for an interval of seven days (Table 1, Fig. 5). Her temperature was above 104°F. on each 
of five days. Potassium iodide was given for 2 weeks during the patient’s hospitalization. 
No subsequent antithyroid therapy has been given, but the patient has remained free 
of thyrotoxic manifestations and has had a normal basal metabolic rate for 20 months. 


Agranulocytosis appearing after treatment for six weeks 


Case #115; a female patient, aged 31, with mild thyrotoxicosis, began receiving treat- 
ment with thiouracil, February 21, 1944. She was given 0.6 gm. daily for two weeks, and 
then 0.3 gm. daily for three weeks. During this period of treatment her basal metabolic 
rate decreased from plus 45 per cent to plus 11 per cent. Leucocyte counts, performed 
at intervals of one week, were normal. On April 2 she developed a cold associated with a 
sore throat. On April 5 the sore throat became severe and the patient’s temperature 
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was elevated to 103°F. Thiouracil was discontinued and iodide therapy was given. Her 
leucocyte count was 600 with no granulocytes. The patient was hospitalized and treated 
with penicillin, liver extract, and pentnucleotide. The infection had largely subsided 
after five days, but it required 12 days for the total and differential white blood cell 
counts to become normal (Fig. 5). Iodide was given for five months, and then discon- 


RECOVERY FROM AGRANULOCYTOSIS 
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tinued. However, the patient has now remained free of thyrotoxicosis for ten months, 
during which time no therapy has been given. 


Agranulocytosis due to thiouracil, sulfathiazole, or both 


Case #37; a female patient, aged 44, with mild thyrotoxicosis was referred for treat- 
ment with thiouracil on September 14, 1943. She had been taking potassium iodide for 
two years, but her basal metabolic rate was plus 44 per cent; the iodide was discon- 
tinued two months after thiouracil therapy was started. She was given 0.4 gm. of thiou- 
racil daily for 6.5 months and 0.2 gm. daily for 5.5 months. After having been treated 
for nine months she moved to a remote section of the state. Our urgent requests for fre- 
quent check-ups were unsuccessful. After an absence of three months she replied to one 
of the letters as follows: “I am sorry to change my appointment again but I am under 
medical care for an infection in my mouth (which) I am having lanced today. I have had 
quite a few infections this summer.” The receipt of this note was alarming and the pa- 
tient was sent for immediately. It was surprising to learn that she had accumulated 
enough thiouracil to take for this length of time. She had taken 0.2 gm. of thiouracil 
daily. Her leucocyte count was 1,000 and there were no granulocytes. During the week 
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preceding this check-up she had taken sulfathiazole for “the infections” of the skin and 
mouth, but three days after beginning the sulfathiazole she developed a generalized 
nodular skin rash. The latter was like the changes produced by sulfathiazole. No evi- 
dence of the skin or mouth infections was present when we saw her and there was no 
fever. : 

The patient refused hospitalization in spite of many warnings of grave danger. She 
was treated by her local doctor with liver extract, orally and parenterally, and pent- 
nucleotide. She felt relatively well all the time and the leucocyte count was normal after 
about 12 days. She has now remained free of thyrotoxicosis for eight months, in spite 
of the fact that she has had no therapy during this interval. 


Leucopenia before treatment followed by greater leucopenia nine days after treatment with 
thiouracil; prolonged treatment without untoward effects 


Case #124; a negro woman, aged 49, with moderately severe thyrotoxicosis began 
receiving treatment with thiouracil on March 29, 1944. Her leucocyte count preceding 
treatment was 4,000 and after she had been treated for nine days it was 3,300. The dif- 
ferential count was normal. With continuation of treatment in the same dose the 
count rose to 6,300. The daily dose of thiouracil was 0.6 gm. for two weeks, 0.4 gm. for 
five weeks, 0.3 gm. for six weeks, 0.2 gm. for seven weeks, and 0.1-gm. for three months. 
There was no subsequent decrease in the white blood cell count and no toxic reactions 


to thiouracil. 
Leucopenia after treatment for two weeks but therapy continued without ill effects 


Case #104; a female patient, aged 49,-had had a goiter for 24 years and thyrotoxicosis 
for more than seven years. Her basal metabolic rate was plus 75 per cent in spite of the 
fact that she had taken Lugol’s iodine solution regularly for seven years. She had heart 
failure associated with the thyrotoxicosis and was in a poor nutritional state. Treatment 
with thiouracil was begun on March 8, 1944, giving 0.5 gm. daily. After two weeks her 
leucocyte count decreased to 3,500 (Fig. 4). The dose of thiouracil was reduced to 0.2 gm. 
daily but was gradually increased until two months later she was receiving 0.6 gm. daily. 
For an interval of three weeks the white count was periodically low. A thyroidectomy 
was performed satisfactorily three months after the thiouracil therapy was started. 


Leucopenia, arthritis, urticaria and fever developing within two weeks 


Case #48; a female patient, aged 30, was apparently well until she was in an auto- 
mobile accident. Within the next three weeks she developed classical manifestations of 
thyrotoxicosis with a basal metabolic rate of plus 49 per cent. After taking potassium 
iodide for two weeks her basal metabolic rate was plus 11 percent. At this time, October 
13, 1943, the iodide therapy was discontinued and thiouracil was given in doses of 0.2 gm. 
three times daily. Three days later the patient noticed a distinct increase in nervousness 
weakness, perspiration, and palpitation. Ten days after starting thiouracil therapy she 
developed fever, urticaria and generalized swelling and aching in her joints, involving the 
knees especially. When the patient returned for a check-up on October 28 there was ob- 
served an obvious increase in the thyrotoxicosis, the basal metabolic rate being plus 46 
per cent. There was stiffness and swelling in many of the joints, being so marked in the 
knees that the patient had difficulty in walking. The white blood cell count was 3,800 
with 45 per cent polymorphonuclear cells. Thiouracil was discontinued and potassium 
iodide was given instead. Within ten days the toxic reactions to thiouracil had disap- 


peared, 
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Leucopenia after treatment for two and one half months 


Case $227; a female patient, aged 63, with diabetes mellitus and thyrotoxicosis began 
receiving thiouracil therapy on October 28, 1944. She was given 0.6 gm. daily for three 
weeks, 0.4 gm. daily for eight weeks, and 0.2 gm. daily for nine days. The basal metabolic 
rate was plus 61 per cent before treatment and it became normal within two months. 
The white blood cell count had been normal, when examined each week until January 
14, 1945, when it was 2,400. However, there was no fever or other evidence of infection. 
The patient had been taking Lugol’s iodine solution for nine days as part of the prepara- 
tion for thyroidectomy. This treatment was continued but no more thiouracil was 
given. The patient was treated with large doses of crude liver extract, orally and intra- 
muscularly, pentnucleotide and pyridoxine, subcutaneously and intravenously. After 12 
days (Fig. 5) the white count was normal. An uneventful thyroidectomy was performed 
on January 31. 


Leucopenia after treatment for three months 


Case #149; a female patient, aged 46, with moderate thyrotoxicosis began receiving 
treatment with thiouracil on May 29, 1944. She was given 0.4 gm. daily for four weeks, 
0.3 gm. daily for three weeks, and 0.2 gm. daily for six weeks. The basal metabolic rate 
was plus 40 per cent before treatment, but it become normal in six weeks. On August 26, 
the leucocyte count was 3,300, but there was no evidence of infection. Thiouracil therapy 
was discontinued but no special treatment for the leucopenia was given. Within 4 days 
the white blood cell count was normal. Within about one month the thyrotoxic manifes- 
tations reappeared, but she did not return for further treatment until December 16. At 
this time potassium iodide was begun and an uneventful thyroidectomy performed three 
weeks later. 


Leucopenia and fever after prolonged treatment 


Case #32; a nurse, aged 40, with severe thyrotoxicosis was given thiouracil in daily 
doses as follows: 1 gm. for three days, 0.8 gm. for five days, 0.6 gm. for two weeks, 
0.4 gm. for three weeks, 0.2 gm. for 6.5 months, 0.1 gm. for two months, 0.2 gm. for four 
months and 0.1 gm. for three days, the total treatment extending over an interval of 
about 14 months. At the end of this time, October 5, 1944, the patient noticed feverish- 
ness, chilliness and generalized aches. The leucocyte count was 3,500 with 50 per cent 
neutrophils. Thiouracil was discontinued, and a test dose one month later provoked a 
febrile reaction. Iodide therapy was substituted for thiouracil. The basal metabolic rate 
was plus 60 per cent before any treatment was given but it became normal after one 
month of thiouracil therapy. 


Leucopenia after prolonged treatment 


Case #53; a nurse, aged 25, had an acute onset of thyrotoxicosis, about two months 
before she first sought treatment, October 28, 1943. Her disease seemed much more 
severe than was indicated by the basal metabolic rate, which was only plus 25 per cent. 
She was treated with 0.4 mg. of thiouracil daily for three weeks and the metabolic rate 
decreased to plus 9 per cent. She was then given 0.3 gm. daily for two weeks and the 
basal metabolism decreased to minus 11 per cent, December 2. In the meantime her 
thyroid gland increased in size from twice to three times normal size. The dose of 
thiouracil was reduced to 0.2 gm. daily for the next three weeks and roentgenotherapy 
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was given at weekly intervals for eight weeks, each time giving 210 roentgen units to 
each side of the thyroid gland. On December 23, the basal metabolic rate was minus 
21 per cent, but there was no clinical evidence of hypothyroidism. The dose of thiouracil 
was reduced to 0.1 gm. daily and three weeks later to 0.05 gm. daily, but 0.i gm. daily 
proved to be the proper daily maintenance dose. The roentgenotherapy and desiccated 
thyroid, one grain daily for three months, induced a decrease in the size of the thyroid 
gland to 1.5 times normal size. In October, 1944, she was given three more roentgen 
treatments. On November 9, 1944, only routine chegk-up the white blood cell count was 
3,800. It had never been found to be this low previously. Even before the leucopenia was 
found it was planned to discontinue the thiouracil therapy since the patient had been 
treated continuously for one year. Within one month after cessation of treatment she had 
a relapse of thyrotoxicosis. She was then treated with iodide and thyroidectomy. 


Leucopenia after prolonged treatment 


Case #172; a waitress, aged 34, with moderately severe thyrotoxicosis, began receiv- 
ing thiouracil therapy on June 16, 1944. The total daily dose was 0.6 gm. for two weeks, 
0.4 gm. for one week and 0.2 gm. for ten weeks. At the end of this time, October 19, the 
leucocyte count was 4,000 with 50 per cent polymorphonuclear cells, but the patient 
felt perfectly all right. The dose of thiouracil was reduced to 0.1 gm. daily, since 
the basal metabolic rate was minus 15 per cent. Within the subsequent two weeks the 
leucocyte count decreased to 3,000 with 35 per cent polymorphonculear cells. Thiouracil 
therapy was then discontinued. The patient has subsequently been followed for three 
months, but there had been no recurrence of the thyrotoxicosis. 


Prolonged treatment followed by leucopenia; return of leucopenia after inadvertent resumption 
of treatment 


Case #34; a 40 year old negro women with mild thyrotoxicosis was treated daily with 
0.4 gm. of thiouracil for two months, 0.2 gm. for 3 months, and 0.1 gm. for three months. 
At the end of this eight months of treatment, May 12, 1944, she developed a severe sore 
throat, temperature of 104°F. and a leucocyte count of 3,300; 40 per cent of which were 
neutrophilic cells. Her basal metabolic rate was plus 22 per cent before any thiouracil 
treatment and it was normal one month later. Thereafter, it remained between minus 
11 and plus 8. On discovering the leucopenia, the patient was hospitalized and treated 
with sulfathiazole, crude liver extract, brewer’s yeast and pentnucleotide. The white 
count remained stationary for 6 days, but returned to normal within 11 days (Fig. 5). 
The temperature and the pharynx were normal within eight days. She was discharged 
after two weeks of hospitalization and was told emphatically not to take any more 
thiouracil. A few days after returning home she resumed this therapy, taking 0.1 gm. 
daily in spite of the fact that there were no manifestations of thyrotoxicosis. Six weeks 
later, July 5, she was readmitted to the hospital with a sore throat, fever and leuco- 
penia. During the interval preceding the second hospitalization she often felt feverish 
and achy, but had no chills and no sore throat until four days before admission. On en- 
trance to the hospital the leucocyte count was 2,100 with 21 per cent polymorphonuclear 
cells. No more thiouracil was given. Therapy consisted of crude liver extract, cevitamic 
acid, brewer’s yeast, and penicillin. The sore throat and fever subsided after 6 days, but 
the leucocyte count did not become normal until the twelfth day. In spite of the fact 
that no antithyroid treatment has been given in the last 12 months the patient has re- 
mained free of thyrotoxicosis. 
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Prolonged treatment; no treatment for one month; leucopenia associated with resumption 
of treatment 


Case #18; a letter carrier, aged 45, with moderate thyrotoxicosis, began receiving 
treatment with thiouracil in June, 1943. He was given one gram daily for two weeks; 0.6 
gm. for one month; 0.4 gm. for one month; 0.2 gm. for seven months; 0.1 gm. for 35 
months; 0.05 gm. for 3.5 months. His basal metabolic rate was plus 56 before treatment 
but it became normal after six weeks and remained normal. After continuous treatment 
with thiouracil for 16 months the drug was discontinued, October 24, 1944. Within one 
month the basal metabolic rate rose from plus 2 to plus 22, and after another month it 
was plus 46. At this time, December 20, thiouracil therapy was resumed, using 0.3 gm. 
daily, and the patient was also given 6 capsules of liver extract daily. By January 3, 1945, 
the thyrotoxic manifestations had largely subsided and the basal metabolic rate was 
plus 8. On January 17, the leucocyte count was normal. On February 3, he returned com- 
plaining of pain in the rectum, at the site of a peri-rectal abscess which he had had two 
years previously. His temperature was 102°F. and there was a small peri-rectal abscess. 
The leucocyte count was 1,500, 16 per cent of which were neutrophilic cells. The patient 
was treated with liver extract, intramuscularly and orally, pyridoxine and brewer’s 
yeast, sulfadiazine and penicillin. Potassium iodide therapy was substituted for thiou- 
racil. Within six days the temperature had become normal and the abscess had healed, 
but the white blood count did not become normal until 11 days (Fig. 5) after the thiou- 
racil therapy was stopped. On April 3, a subtotal thyroidectomy was performed. The 
gland was removed with very little bleeding. The operative and post-operative courses 
were quite smooth. The gland weighed 55 gm.; on microscopic examination there was 
only slight hyperplasia and a moderate amount of colloid present. 


Prolonged treatment; no treatment for two months; leucopenia associated with resumption 
of therapy 


Case #61; a woman, aged 49, had had a subtotal thyroidectimy in 1940, but the 
symptoms of thyrotoxicosis returned one year later. In November, 1943, the patient 
again sought treatment. Her basal metabolic rate was plus 24 per cent. Thiouracil was 
given in doses of 0.1 gm. three times daily for three months, 0.1 gm. twice daily for 
seven months, and 0.1 gm. daily for two months. The manifestations of thyrotoxicosis 
disappeared after the first month of treatment and did not recur during treatment. After 
the patient had received thiouracil for one year this therapy was discontinued but two 
months later clear-cut manifestations of thyrotoxicosis appeared, with a basal metabolic 
' rate of plus 30 per cent. At this time February 6, 1945 she began receiving 0.1 gm. of 
thiouracil three times daily. About two weeks later she noticed aching in her arms and 
legs. On February 28, at the time of a routine appointment, her basal metabolic rate 
was plus 19. Her leucocyte count was 2,800 with 30 per cent polymorphonuclear cells. 
There was no fever or evidence of infection. Potassium iodide was substituted for thiou- 
racil and the patient was hospitalized for two days, during which time she was treated 
with liver extract, orally and parenterally, and with intravenous injections of pyridoxine 
hydrochloride. During the two days the white blood count rose to 3,500, with 40 per 
cent polymorphonuclear cells. Four days after beginning the iodide therapy she de- 
veloped a severe rash, which subsided on omitting iodide therapy for four days. She has 
now been taking four drops of potassium iodide daily. On a few occasions she has in- 
creased the dosage to six drops daily, but noticed a return of the rash. 
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Prolonged treatment; no treatment for two intervals of about one month each; leucopenia . 
associated with resumption of treatment 


Case #202; a male patient, aged 47, started thiouracil treatment May 29, 1944. The 
total daily doses were: 0.6 gm. for two weeks, 0.4 gm. for two weeks, 0.3 gm. for two 
weeks, 0.4 gm. for 6 weeks, none for two weeks, 0.4 gm. for eight weeks, and 0.1 gm. and 
0.2 gm. on alternate days for four weeks. At this time, December 15, thiouracil was dis- 
continued. The basal metabolic rate before treatment was plus 48 per cent, but it be- 
came normal after a few weeks and remained there throughout the period of treatment. 
However, within one month after the cessation of therapy a relapse occurred. At this 
time 0.2 gm. of thiouracil was given daily. Two weeks later the white blood cell count was 
4,000 with 80 per cent polymorphonuclear cells. The therapy was then inadvertently 
omitted for three weeks, ending February 26. Thiouracil was begun in doses of 0.4 gm. 
daily. However, on March 5 the patient wrote Dr. Clute as follows: ‘Ever since my 
visit to you one week ago I have felt, literally speaking ‘punk plus’—pressure on the 
brain, light-headed, painful muscles, joints, wrists and shins—frequent chills and sweats 
and am very weak.”’ On March 9 his leucocyte count was 3,000 and he had a sore throat. 
With cessation of thiouracil and the administration of liver extract the count became 
normal after about one week. 


Prolonged treatment; no treatment for one month; resumption of treatment followed by 
leucopenia 


Case #240; a male patient, aged 57, was started on thiouracil therapy on September 7, 
1944; the daily dose was 0.6 gm. for two weeks, 0.4 gm. for one week, and 0.2 gm. for 
four months. The basal metabolic rate decreased from plus 40 per cent to minus 7 per 
cent during the first three weeks of treatment and remained normal as long as the ther- 
apy was continued. After treatment for a total of five months the thiouracil was dis- 
continued, but a relapse occurred within a month. At this time, March 1, treatment with 
thiouracil was started again, using 0.6 gm. daily; after two weeks the dose was re- 
duced to 0.4 gm. daily. His leucocyte count was normal on March 15. He was supposed 
to return for another check-up on Match 29, but on the night of March 28 he developed 
a sore throat and his local physician discontinued thiouracil and started treatment with 
sulfadiazine. The following morning his leucocyte count was 3,100 with 24 per cent 
granulocytes. At this time the sulfadiazine was discontinued and he was treated with 
penicillin. His leucocyte count returned to normal within about 12 days (Fig. 5). 
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METABOLISM? 


II. Partition of Gonadal and Adrenocortical Hormonal Derivatives 
of Normal, Endocrine and Cancerous Patients 
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O DIFFERENTIATE the function of the adrenal cortex from that 

of the testis has been a main objective of various investigators inter- 
ested in “androgens.” Recent studies by Heard (22) and Talbot (34) sug- 
gest that the excretion of non-ketonic steroids in the urine may afford 
important information toward this end. The major part of the extant 
literature on the subject, however, is concerned with 17-ketosteroids; and 
at this time it seems desirable to inquire how far this basic information can 
be applied in routine clinical and physiologic problems. 

Fundamental research by the Callows (6, 7), Marrian (4), Dobriner 
(10, 12, 13), Baumann (2), Talbot (35) and others have laboriously estab- 
lished the basis for such work. The painstaking isolation of crystalline ster- 
oids from the urine of individual mice or even from individual patients, 
however, is not an attractive prospect for the physiological investigator. 
Even the colorimetric procedures now available frequently involve tedious 
extraction procedures employing many hands. It is therefore essential to 
learn how far such studies can be simplified in order that more rapid 
progress may be made in physiological investigations. 

It is the purpose of the present report to indicate that, to a limited ex- 
tent, adrenocortical function can be distinguished from gonadal by simple 
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procedures. The study has been confined to those 17-ketosteroids which 
show cis (8) or trans (a) stero-isomerism with respect to the hydroxyl 
group at position number 3. As used in this report, the terms cis (8) and 
trans (a) refer to no other type of isomerism. 


I. EXPERIMENTAL PROCEDURE 


Twenty-four hour urine samples were collected from normal and patho- 
logical individuals. The specimens were preserved on ice with toluene. 
Hydrolysis was conducted by boiling for ten minutes at a concentration of 
1.2 normal hydrochloric acid as described elsewhere (5). The free ke- 
tosteroids were extracted with ether, and the neutral fraction separated 
by washing with sodium bicarbonate, potassium hydroxide, and finally 
with water. The ethereal neutral fraction was concentrated by evapora- 
tion, taken up in alcohol, and used for colorimetric assay. 

Colorimetry was performed both with the Zimmermann and the Pincus 
(29) reagents. In addition to the classical Zimmermann procedure a revised 
technique (5) was employed, having as its chief feature the extraction in 
chloroform of the final pink pigment before colorimetric determination. 
The chloroform solvent eliminates extraneous pigments formed de novo 
during the reaction with the metadinitrobenzene reagent, thus partially 
correcting the characteristic overestimation usually observed with the older 
Zimmermann technique. There is a further overestimation due to preformed 
urinary pigments, which is eliminated by a urinary blank determination. 
There remains another possible overestimation due to naturally occurring 
chromogens which are not 17-ketosteroids but which happen to produce a 
characteristic color resembling the traditional pink pigment. This last 
possible component in the error of overestimation is as yet uncontrolled 
except by the accumulating data from many patients and normal individ- 
uals. It seems not to obscure the interpretation of physiological observa- 
tions. It is probably a small error, because normally the Pincus reagent 
checks the metadinitrobenzene. 

As far as the alcoholic solutions of various crystalline 17-ketosteroids® 
are concerned, approximately equal color is observed for molecular-equiv- 
alent concentrations. This is true, however, only when a narrow band of 
nearly monochromatic light is used, with wave-length close to 500 milli- 
micra. By means of the Beckman spectrophotometer it was possible to 
identify the characteristic absorption curve (5) for the final colored sub- 





3 For the samples of pure steroids used, we are indebted to Doctor E. Oppenheimer of 
the Ciba Pharmaceutical Products, Inc., to Doctor Bernard J. Brent of Roche-Organon, 
and to Professor Louis Fieser, Doctor Seymour Lieberman, Doctor Konrad Dobriner, 
and Doctor I. T. Nathanson. 
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stance yielded by each of several urinary 17-ketosteroids. In addition, the 
present report gives comparative curves in Fig. 1 for androsterone and 
isoandrosterone, not previously published. It will be noted that the various 
steroids yield colored complexes with rather different absorption curves, 
but all the 17-ketosteroids studied show approximately the same absorp- 
tion maximum at about 500 millimicra. 

As far as urinary extracts are concerned, the respective results obtained 
by metadinitrobenzene and antimony trichloride check reasonably well 
without any arbitrary correction. These respective techniques are com- 
pared in the data to be submitted herewith. Furthermore, this colorimetric 
procedure may be used satisfactorily to measure known amounts of an- 
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Fic. 1. Absorption curves for the colored complexes formed from androsterone and 
isoandrosterone, showing common absorption maxima at about 500 millimicrons. 


drosterone added to an alcoholic extract of natural urinary steroids, as 
demonstrated by the accompanying data on recovery. In Fig. 2 are shown 
curves for an extract from a young girl’s urine and from the same urine 
reinforced with pure androsterone. The curves from the extracted and re- 
inforced urine show the anticipated difference in light absorption. Similar 
results for androsterone and dehydroisoandrosterone have appeared in a 
previous report (5). 

The partition of the 17-ketosteroids into trans (a) and cis (8) fractions 
was effected by the digitonin method of Baumann and Metzger (1, 2). 

In Table 1 are given results on repeated daily samples of urine, normal 
and pathologic. The results are reasonably consistent from one day to 
another. In this table, also, are shown three individual daily excretions, 
analyzed in duplicate, indicating that the technique is reproducible. 
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II. METABOLIC RESULTS 


In Tables 2 and 3 are collected metabolic data obtained in normal men, 
women, and children and in pathological cases. 


A. Normal Excretion 


Table 2 shows 24-hour excretions for normal men and women. In Table 
1 there are also a few values for three normal children, but these are re- 
ported in detail elsewhere (6). Although the number of normal individuals 
studied is small, the data indicate approximately the ranges already in the 
literature (3, 18, 20, 24, 26, 27). The excretion increases with maturity and 
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Fic. 2. Test of analytical competency. When known amounts of androsterone are 
added to an extract of urine, the resulting light absorption is verified in accordance with 
Lambert’s law. 


is rather greater in the male. The median 24-hour excretion in males was 
approximately 15 mg.; for females approximately 9 mg. among two series 
of 15 individuals each. 

In Table 3 are shown excretions for certain types of patients. Further- 
more, a brief synopsis of each case represented in the table follows in the 
Synopsis of Cases. 


B. Methodology 


From a methodological standpoint, it is gratifying to note the general 
agreement between results obtained in various laboratories. This agree- 
ment holds both for the means of various population-groups and for indi- 
vidual extracts. For example, in an extract recently sent the authors 
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through the kindness of Doctors Fuller Albright and Anne Forbes, the 
following concentrations (mg. per cc.) were obtained (patient J. G.): 


Boston, uncorrected 8.0 

Boston, corrected 7.8 

New Haven, direct 7.8 
Similarly (for patient C. C.): 

Boston, uncorrected 10.1 

Boston, corrected 9.0 

New Haven, direct 9.1 


The Boston results were found by the method of Fraser et al. (18). Obvi- 
ously the precision of the optical instruments used and the selection of op- 
timal conditions for their use is important. There are still minor technical 


25° 17-KETOSTEROID Lge teh IN NORMAL 
AND CANCEROUS INDIVIDUALS 
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CUMULATIVE PERCENTAGE DISTRIBUTION 


Fic. 3. The 17-ketosteroid excretion of cancerous individuals tends 
to be low, even when they appear well nourished. 


problems to be solved before maximal accuracy can be attained in the 
analysis of total urinary 17-ketosteroids for clinical and physiological pur- 
poses. For a few years it will be necessary to think in terms of a sliding 
scale of normal values, depending upon the methodology used in each in- 
dividual laboratory. In the authors’ opinion, however, such improvements 
are not likely to alter the basic physiological interpretations now available. 

In the separation of 3-trans (a) hydroxyl and 3-cis (8) hydroxyl com- 
ponents, however, further work must be done on a micro-scale. The excel- 
lent procedure of Frame (17), for example, requires collections of twenty- 
four to forty-eight hour amounts of human urine. In certain instances, 
especially in work with children and with small animals, much less material 
is available. When one uses smaller aliquots however, several conditions 
may alter the apparent partition between a- and 6-components. A high 
alcoholic content of the medium, for example, may cause some {-steroid 
to appear with the a-fraction (33). Furthermore, the concentration of the 
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total steroid (in 85% alcoholic medium) may determine the partition ob- 
served. For example, in the case of M. W. (number 26) two sets of data 
were observed: 

1) When digitonin precipitation was performed on an undiluted extract, 
the partition observed by the metadinitrobenzene method per twenty-four 
hours was: total, 368 mg.; a-fraction, 165 mf.; and 8-fraction, 182 mg. 

2) When the extract was first diluted toscorrespond to the usual alco- 
holic extract yielded by urine from a normal adult, the partition observed 
was: total, 368 mg.; a-fraction, 334 mg.; ag 6-fraction, 46 mg. 

In short, when only very small samplegeéf 17-ketosteroid are available, 
there is a danger that the 3-cis (8) hydroxyl ponent may turn up in the 
3-trans (a) fraction or may fail to be recovered from the digitonin pre- 
cipitate. In view of the total amount of labor involved, this variability of 
the separation on a micro-scale is disappointing. At present, therefore, the 
possibility is inviting that digitonin precipitation may be avoided by in- 
tegrating the total 17-ketosteroid-values given by two different reagents. 


III. SYNOPSIS OF CASES 


This report is a survey, intended to test the reliability of existing simple 
colorimetric procedures in common disease problems, e.g., cancer and endo- 
crinopathy. Therefore, the following synopsis of cases is intended only to 
identify the problems studied. Detailed clinical studies of individual cases 
and groups of such cases are obviously indicated to elucidate the mechan- 
ism of the diseases involved. In certain instances where the diagnosis was 
problematical a sketch of the features involved has been furnished. Such 
detail, however, is not the purpose of the present communication. 

Unless otherwise specified, hospital numbers refer to the New Haven 
Hospital. The Massachusetts General Hospital is indicated by M.G.H. 


Cases 1-7 ; these represent unquestionable examples of Addison’s disease. The clinical 
data are presented in Table 3. Case 2 was contributed by Dr. Grover F. Powers, the 


other six by Dr. P. H. Lavietes. 


Case 8; B 21836; R.S.; male, aged 20 months; referred by Dr. Daniel C. Darrow. 
Patient was studied because of sexual precocity. The blood pressure was 132/82 mm. 
Hg. Genitalia, always large, had been enlarging rapidly in past two or three months. 
The boy was large for age (height, 57 cm.). The testes and scrotum were large, with 
some pubic hair developing in past two months. The penis was large (6-7 cm. by 2 cm. 
in erection). Bone age; three years. Mental age was 15 months. Skull was large. Pneumo- 
encephalogram showed dilatation of entire ventricular system with bilateral cortical 
atrophy. Exploratory operation on August 27, 1945 revealed grossly normal adrenal 
glands. No biopsy was taken. Impression: question of adrenal cortical hyperplasia with 
precocious male puberty. Alternative diagnosis: ‘‘true sex precocity,”’ because of the 
lesion in the central nervous system and enlarged testes. 
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Case 9; B 53302; G.S., female, aged 3 years 9 months; referred by Dr. Daniel C. 
Darrow. Patient was studied because of precocious development with hirsutism and 
obesity. The height was normal, but the weight nearly doubled that expected. The 
patient was generously covered with dark hair, but there was no pubic hair or unusual 
development of the clitoris. X-ray studies of ossifying centers and skull showed no 
definite abnormality. 


Case 10; B 61403; M.A., female, aged 14; referred by Dr. J. P. Peters. The patient 
had gradually acquired obesity, hypertrichosis, amenorrhea, and lumbar pain for at 
least thirty months. The weight was 84.2 kg.; the height, 179 em. The voice was normal. 
There were cutaneous striae about the breasts and hips. The clitoris was normal. The 
blood pressure ranged from 170/110 to 120/85 mm. Hg. The basal metabolic rate was 
normal. X-ray studies of the skull, thorax, and lumbar spine were negative. 


Case 11; B 60568; V. MacA., female, aged 21; referred by Dr. Alexander W. Winkler. 
At the time of the first admission (December 15, 1944) with diabetic coma, she had had 
diabetic symptoms for the past four months. In recent months there had been increased 
growth of hair on arms and legs. The menses had never been regular. Physical examina- 
tion was not remarkable except for evidence of ketotic acidosis. The breasts were small. 
The blood pressure was 110/60 mm. Hg. 

On December 31, 1944, edema of the ankles was noted, but urine was essentially nega- 
tive. The blood pressure was 192/137 mm. Hg. This hypertension continued for many 
weeks, but eventually almost entirely disappeared. Renal function was normal. The 
serum precipitable iodine was 11.3 micrograms per cent. On February 3, 1945 urinary 
17-ketosteroids were measured. Impression: diabetes, transient hypertension of unknown 
etiology, hyperthyroidism ?, early Cushing’s syndrome ?. 


Case 12; 87398; A.D.P., female, aged 21; referred by Dr. P. H. Lavietes. The pa- 
tient complained of increased hair on the face during the previous year. The menses 
were regular but had diminished to a scant half day in duration. She was always sensi- 
tive psychically; depressed and anxious; with frequent anorexia, nausea, vomiting. 
Breasts were well developed. Structural characteristics were feminine, clitoris normal. 
Height, 159.3 cm.; weight, 48.2 kg. Basal metabolic rate, — 1 per cent. Impression: 
psychopathic personality with oligomenorrhea. 


Case 13; 28432, C.P., female, aged 21; referred by Dr. P. H. Lavietes. The patient 
had been aware of abnormal hirsutism since childhood. The menses started at fourteen 
years, were scant and were often skipped. The height was 152.5 em.; weight, 47.7 kg. 
The breasts were small. The voice was not remarkable. There was a thick stubble over 
face and neck and much long curly hair was present over the extremities and trunk. 
The clitoris was small. Impression: hirsutism without any frank evidence of masculiniza- 
tion. 


Case 14; B 33507; E.D.N., female, aged 25; referred by Dr. P. H. Lavietes. The 
patient complained of failure to conceive. There was frigidity after March, 1942, and 
sudden cessation of menses after April 24, 1942. At this time there was some increase of ° 
hair on the chin, which had always been somewhat hirsute. The blood pressure was 
120/80 mm. Hg. The pelvic examination was negative. Height, 164.9 cm.; weight, 74.0 
kg. Basal metabolic rate, —17 per cent. Serum cholesterol, 164 mg. per cent. Impression: 
functional amenorrhea (due to anxiety). Urinary 17-ketosteroids were assayed on No- 
vember 28, 1942. 
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Following dietary restriction the weight fell to 68 kg. in ten weeks and normal menses 
were resumed some eight weeks later. In May, 1943, conception occurred. In January, 
1944, mild albuminuria and hypertension appeared, and on February 1, 1944 a slightly 
macerated stillborn child was delivered. 


Case 15; private patient; J.N., female, aged 24; referred by Dr. J. P. Peters. The pa- 
tient complained of hirsutism of face and chin only, increasing for three years since the 
birth of her first child. The menses had been regular. The breasts were well developed. 
The voice was husky, the clitoris, normal. Impression: hirsutism. The urinary 17- 
ketosteroid excretion was measured on February 14, 1945. 


Case 16; 80266; S.A.B., female, aged 19; referred by Dr. J. P. Peters. This girl had 
shown precocious development since the age of four years when she had pubic and 
axillary hair with enlargement of the breasts. At seven years the voice was deep. In 
1937, at the age of twelve, an enlarged clitoris was noted; it was the size of a penis of a 
male of the same age. There was male distribution of hair. 

On March 31, 1937 the concentration of male sex hormones in the urine was ninety- 
six times the normal for a girl of twelve years and four times that of an adult female. 
At this time x-ray studies showed precocious bone development compatible with an age 
of twenty-two years. Surgical exploration was performed in 1937, and showed an infan- 
tile uterus, with normal prepuberal ovaries. At this time a biopsy showed normal ovarian 
tissue. Both adrenal areas were explored. The right side was normal. The left adrenal 
gland, however, was enlarged; and was removed in toto, May 13, 1937. It measured 
8 X41 cm. After the operation, urinary “androgenic material” declined sharply from 
ninety-six International Units (on February 23, 1937) to thirty International Units (on 
July 31, 1937). Later it rose to nearly one hundred International Units (on January 1, 
1938), at which time urinary estrogens amounted to forty-five International Units per 
twenty-four hours. The present study of 17-ketosteroids was made on September 15, 


1944, 

Case 17; M.G.H. Private patient; M.W., female, aged 26; referred by Dr. Anne P. 
Forbes. This patient’s chief complaint was generalized hirsutism. She never had any 
menstrual periods. Physical examination revealed a deep voice, acne, large thyroid car- 
tilages, recession of the hair line (male type), and marked hirsutism of the face, chest, 
abdomen and extremities. The clitoris was enlarged. The clinical impression was ad- 


renal cortical hyperplasia. 


Case 18; M.G.H. 240632; E.F., female, aged 24; referred by Dr. Anne P. Forbes. 
The patient has presumable congenital adrenal hyperplasia with pseudohermaphrodit- 


ism, 

Case 19; B 44810; B.J., female, aged 26; referred by Dr. Kenneth W. Thompson. 
Patient complained of obesity, infrequent menses and hirsutism. Physical examination 
(December 18, 1942) showed in addition a husky voice, well developed breasts and an 
enlarged clitoris. The blood pressure was 120/80 mm. Hg. Height, 154 cm.; weight, 
78.5 kg.; basal metabolic rate, —1 per cent. X-ray studies of the bones were negative. The 
clitoris was noted to be only slightly larger than normal in May, 1943. Operation a week 
later showed no adrenal tumor. The ovaries were moderately large and hard, showing 
extensive fibrosis; with a follicular cyst in sections from the right ovary. Following op- 
eration, on a restricted diet the weight fell to 65 kg. The menstrual periods were regular 
at twenty-nine days’ interval after operation, but there was no change in hirsutism. 
Clinical impression: obesity, due to over-eating; ovarian fibromatosis; mild virilism. 
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Case 20; M.G.H. 350260; I.G., female, aged 12; referred by Dr. Anne P. Forbes. 
The patient is a twelve year old girl with classical Cushing’s disease. 


Case 21; M.G.H. 423005; C.C., female, aged 18; referred by Dr. Anne P. Forbes: 
This girl showed definite evidence of virilism. At surgical operation a large benign ad- 
renal tumor was removed. ' 


Case 22; M.G.H. 363943; J.S., female, aged 22; referred by Dr. Anne P. Forbes. 
This young woman complained of amenorrhea and exhibited signs of mild virilism which 
had been present for about eighteen months. A tumor of the adrenal cortex was removed 
which weighed 950 gm. After operation the patient’s symptoms were relieved, but the 
disturbance recurred as metastases became evident. 


Case 23; private patient; E.F.P., female, aged 30; referred by Dr. Emil J. Baumann. 
The patient complained of amenorrhea and exhibited signs of virilism. A few days after 
the urine sample was obtained, a tumor of one adrenal gland was removed at the Beth 


Israel Hospital, New York City. 


Case 24; private patient; P.K., female, aged 25; referred by Dr. Emil J. Baumann. 
The patient had signs and symptoms of virilism save for normal breast development and 
the absence of enlargement of the clitoris. On December 28, 1938, a tumor of the right 
adrenal, about the size of a grape-fruit was removed surgically. The first urine specimen 
was obtained on Januarv 22. 1939. 

After operation the hair of the face and body fell out in remarkable fashion, and 
menstruation returned. The voice, however, remained husky. On October 2, 1939, hir- 
sutism had returned, suggesting that the tumor had recurred. On this date the second 
urine specimen was obtained. 


Case 25; private patient; J.S., male, aged 78; referred by Dr. P. H. Lavietes. The 
patient was a senile man who compiained of weakness and mild symptoms of urinary 
obstruction. Physical examination revealed senility and moderate prostatic hyper- 
trophy. 


Case 26; XA 93578; W.W., male, aged 13; referred by Dr. Alexander W. Winkler. 
This boy was referred to the hospital because of obesity and retarded puberty. The 
penis was infantile and the growth of pubic hair sparse. Both testes were in normal posi- 
tion, although small. The basal metabolic rate was —13 per cent. X-ray studies of the 
skull and ossifying centers were normal. During the next year puberty proceeded nor- 
mally and much of the obesity disappeared. 


Case 27; A 21439; C.K., male, aged 21; referred by Dr. P. H. Lavietes. Patient 
complained of delayed maturity. The testes were in the inguinal canals at thirteen years. 
Three years later the voice was high pitched, the face smooth and hairless. There was 
feminine distribution of fat and hair. A small right testicle was palpated in the scrotum; 
the left was not in evidence. Height, 185.4 em.; weight, 89.7 kg. The basal metabolic 
rate, —22 per cent. X-ray studies showed delayed fusion of epiphyses in wrists and 
hands. Clinical impression: eunuchoidism. 


Case 28; B 52785; A.P., male, aged 21; referred by Dr. P. H. Lavietes. The patient 
complained of delayed maturity. The patient received injections of testosterone for 
two years until February, 1943. He then began to take testosterone orally, discontinuing 
it in February, 1944. Axillary and pubic hair appeared at fifteen. There had been no 
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beard. He experienced erections, but there was no seminal discharge except on prostatic 
massage. Physical examination showed a small suprapubic collection of fat; otherwise 
the distribution of fat was normal. The extremities were disproportionately long. The 
penis was of normal size. The testes were one-half normal size, but motile spermatozoa 
were abundant. The weight was 76 kg. 


Case 29; B 54518; J.G., male aged 26; referred by Dr. P. H. Lavietes. There was a 
family history of being ‘‘over-sized.’’ The patient stopped work two months ago be- 
cause of increasing fatigue and weakness. There was a history of recurrent febrile epi- 
sodes in the past. Physical examination showed a full-faced plethoric giant. The body 
was covered with rolls of fat. There were a few purplish striae over the right upper flank. 
The height was 190 cm.; the weight, 139 kg. The basal metabolic rate was —10 per cent. 
The visual fields were normal. X-ray studies of the skull, thorax, dorsal and lumbar 
spine, and abdomen were not remarkable. The clinical impression was exogenous 
obesity; history of duodenal ulcer; undiagnosed fever. 


Case 30; B 46538; S. McD., male, aged 52; referred by Dr. J. P. Peters. This patient 
had had diabetes mellitus for the previous three years. He was single. He shaved once a 
month. Physical examination revealed gynecomastia, small penis and testicles. The 
prostate was normal. Basal metabolic rate, —1 per cent. 


Case 31; B 44693; M.B., female, aged 3 years and 6 months; referred by Dr. Daniel 
C. Darrow. This infant had breasts and hair development characteristic of early puberty. 
The bone age was from five to six years. A granulosa cell tumor (follicular type) of the 
right ovary was removed on May 28, 1943. The uterus was observed to be the size of a 
ten-year old child’s. Clinical impression: granulosa-cell tumor of ovary causing pre- 
cocious female puberty. 


Cases 32-40. These nine cases of proved neoplastic disease were studied before opera- 
tion unless otherwise indicated in Table 3. Cases 32, 34, and 39 were undoubtedly mal- 
nourished when studied. The other cases, however, appeared well nourished. 


Cases 41-47. This miscellany of cases is presented as a control group of patients en- 
countered in a general hospital. Cases 44 and 47 showed definite malnutrition. The others 
appeared well nourished. 


Case 48; B 68013; H.L., male, aged 44; referred by Dr. J. P. Peters. The patient 
was admitted for radicular pain. X-ray study showed a collapse of the twelfth thoracic 
vertebra and generalized osteoporosis. The sella turcica also was decalcified although 
not otherwise abnormal. There had been obesity for many years, but no hypertension. 
Physical examination showed purple abdominal striae, thought to be characteristic of 
weight loss only. The face was florid but there was no fullness of the cheeks. No dis- 
turbance of carbohydrate metabolism was detected. The urine examination was nega- 
tive. The basal metabolic rate was —24 per cent. The serum calcium and phosphorus 
were normal as was the serum precipitable iodine. Clinical impression: coronary heart 
disease, mild congestive failure and question of Cushing’s syndrome. The urinary 
17-ketosteroids were assayed on May 1, 1945. 


IV. DISCUSSION 


Although many chemical studies have been made of 17-ketosteroid ex- 
cretion, the approximate character of all the methods available has pre- 
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vented definite conclusions as to the activity of adrenal or testicular secre- 
tion. ; 

Many steroids have been isolated from human urine (6, 7, 14, 15, 23), 
but presumably some of the derivatives are chemical artifacts. For physio- 
logical studies it is obviously desirable to focus attention upon a few sub- 
stances, or groups of substances, which are found to have special metabolic 
significance. 

It seems proved that urinary androgens originate both from the adrenal 
cortex and the testes. When the principal 17-ketosteroids are classified as 
3-trans (a) hydroxyl and 3-cis (8) hydroxyl, according to Koch (25), they 
fall approximately as follows: 


ORIGIN 3-c1s (8) HYDROXYL 3-TRANS (a@) HYDROXYL 
1. Testicular (or Gonadal) Isoandrosterone 
2. Complete classification not Androsterone 
yet feasible 3-a Hydroxyetiocholanone 
3. Adrenal Cortex Dehydroisoandrosterone 


Of the two ketosteroids which Koch (25) has emphasized as most impor- 
tant from the adrenal cortex, only dehydroisoandrosterone has as yet been 
shown to have special biological significance. Therefore Koch’s tabulation 
has been modified slightly. 

In this scheme, the adrenal origin of dehydroisoandrosterone seems well 
established (21). It is not possible at present, however, to assign a definite 
origin to the a-hydroxyl compounds. The latter are both present in the 
urine of the castrate; and they or their precursors, therefore, may arise 
from outside the gonad and probably from the adrenal cortex (8). By estab- 
lishing the amount of urinary dehydroisoandrosterone one might expect to 
measure indirectly one function of the adrenal cortex. This procedure, of 
course, would not necessarily measure an adrenal function directly related 
to the excretion of androsterone and etiocholanolone. Some of these prob- 
lems have been summarized recently by Salter (32). 

It was hoped that the difference (M—P) between the antimony- 
trichloride and metadinitrobenzene values for total 17-ketosteroids might 
be used to distinguish this one aspect of adrenocortical function in relation 
to total 17-ketosteroid metabolism. The reason for this expectation was 
two-fold: first, dehydroisoandrosterone reacts only feebly with the an- 
timony trichloride reagent, whereas it gives approximately the same in- 
tensity of coloration as the other steroids with metadinitrobenzene; sec- 
ondly, isoandrosterone is usually present in very small amounts. In actual 
practice, it is more logical to express the difference in terms of a ratio, 
i.e., a difference of 20% is expressed as a ratio of 0.8 between the two val- 
ues. If this method were reliable, the 3-cis (8) hydroxy] fraction should re- 
flect largely a certain aspect of adrenal activity. Moreover, this moiety 
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could also be estimated as a ratio (M—P)/M, when total 17-ketosteroid 
values are used. A study of Tables 2 and 3 will reveal that there is a certain 
trend toward this situation. Nevertheless, it is impossible to separate 
clearly adrenal activity from testicular activity in all cases. 


V. STATISTICAL ANALYSIS OF NORMAL CONTROLS 


The data for the normal controls were analyzed statistically by the 
methods of Fisher (16), with the assistance of Dr. Chester I. Bliss and Miss 
Barbara Bartels. The results follow: 


A. 3-Cis (8) hydroxyl 17-ketosteroids 


The mean for males was 1.59 mg. per day by the metadinitrobenzene 
method and 1.27 mg. by the Pincus method. For females the corresponding 
values were 1.05 and 1.15 mg., respectively. Analysis showed, however, 
that there was no significant difference between males and females or be- 
tween the two methods. Therefore, the grand average of 1.26 mg.+0.83 
mg. was accepted. In general, however, the cis fraction seems rather picay- 
une in normal cases of either sex. 


B. 3-Trans (a) hydroxyl 17-ketosteroids 


The mean for males was 13.5+1.4 mg. per day by the meta-dinitro- 
benzene method, and 12.3+2.0 mg. by the Pincus method. The probabil- 
ity value (P=0.01) distinctly favored the view that the two methods gave 
different results in males. In females, however, there was no significant 
difference between the two methods. Therefore, a grand average of 6.3+2.5 
mg. per day was adopted. 

When plotted on probability paper these 3-trans (a) hydroxyl values by 
either method closely approximate the straight line representing a normal 
distribution. Furthermore, this line ran strictly parallel to the similar line 
plotted for total 17-ketosteroids (7.e., cis plus trans). Among the males, 
however, the situation was more complicated. The Pincus values and the 
meta-dinitrobenzene values in the lower 60 per cent of the population- 
sample conformed to two discrete straight lines which were nearly parallel, 
but differed by 1.3 mg. The upper 30 per cent of the population sample, 
however, showed considerably larger values (by about 30 per cent) than 
would be anticipated from the lower limb of the curve. Thus, in the males, 
two problems arise: 

1. Why do the 3-trans (a) hydroxyl values given by the Pincus reagent 
come to about 83-per cent of those by the meta-dinitrobenzene reagent? 

2. Why are the higher values less closely correlated than the lower 


values? 
The data suggest that male urine contains at least one substance in the 
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trans (a) fraction which, in terms of androsterone, gives less color with 
the Pincus reagent than do the ketosteroids present in female urine. 


C. Total 17-ketosteroids 


As a working synopsis of these data the following arithmetical analysis 
of the average urine can be formulated. To the cis value of 1.3 mg. is 
added the female-trans value of 6.3 mg. The sum is 7.6 mg. per day. The 
actual total found for adult females was 7.7 mg.+2.6 mg. In females no 
significant difference was noted by the Pincus and meta-dinitrobenzene 
methods respectively. For the average male urine a second (complemen- 
tary) steroid fraction is added, amounting to approximately 1.14 times the 
corresponding female trans fraction. This calculated value approaches the 
mean actually found by the meta-dinitrobenzene method, namely, 15.4 
mg.+4.0 mg. per day. The complementary fraction expected by the 
Pincus reagent is 83% of the former value. The total so calculated ap- 
proaches the figure actually found, namely, 13.7 mg.+4.1 mg. per day. 
In males, the two reagents give distinctly different results (statistical value 
P=0.01). 

In general, although the absolute values are somewhat different, these 
results are not inconsistent with values reported by Pincus (30), Gallagher 
(21) and by Friedgood (19). 

Despite the artificial character of this arithmetical analysis, the standard 
norms may be tabulated for convenience as follows: 





3-c1s (8) 3-TRANS (a) Total 
HYDROXYL HYDROXYL Sum found 
(From colorimetric (Hypothetical directly 
analyses) arithmetical (mg./24 hrs.) 
scheme) 
Isoan- | Dehydro-|} Assumed | Assumed 
dros- |isoandros-|| female male 
terone terone aliquot | aliquot 
Adult female 
(both methods) Ld 0.2 6.3 7.6 7.742.6 
Adult male 
(meta- 
dinitrobenzene) 1.2 0.2 6.3 7.2 14.9 || 15.4+4.0 
(antimony 
trichloride) 1.2 0.2 6.3 6.0 13.7 || 18.744.1 





























Why is the Pincus value in women for total 17-ketosteroids usually the 
same as that determined by the meta-dinitrobenzene technique? Probably 
the reason for this is that in the cases studied there is so little urinary 
dehydroisoandrosterone that its presence has no significant effect. This 
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would not be true in cases of adrenocortical tumor, as judged by our re- 
sults and various reports in the literature. An alternative technical possi- 
bility has been excluded; namely, the chance that the dehydroisoandro- 
sterone colored complex fails to be extracted by chloroform in the method 
used. 

Why does the Pincus reagent register only 83 per cent of the trans value 
for males as indicated by the metadinitrobenzene method? Pincus (29) has 
reported that androstenone-17 gives a characteristic intense blue color 
equivalent to that given by androsterone. Possibly this compound or some 
other not yet recognized is present chiefly in extracts of male urine. The 
same problem arises in the cases of virilism and adrenocortical tumor. For 
instance, what effect might be produced by the presence of androstane-3(a) 
11-diol-17-one? 

Obviously, the data in this report are subject to correction for destruc- 
tion during the hydrolysis with hydrochloric acid. Less drastic methods 
are being investigated in this and other laboratories. In the authors’ 
opinion, however, the general conclusions of the present communication 
are not likely to be altered seriously by such technical improvement. 


VI. ANALYSIS OF ABNORMAL CASES 


In the light of the preceding normal ranges, certain characteristic 
features of the studies on abnormal patients can be observed. 


A. Deficiency in males 

In the male cases reported in this study in which deficiency existed, 
either adrenal (7.e., in Addison’s disease) or testicular (7.e., in eunuch- 
oidism), no marked deviation from the normal range occurred. This finding 
suggests a complementary interrelationship between these two glands such 
that one compensates by increased activity for deficiency in the other. 
Retarded sex development (Case 26, W. W.) may be accompanied by a 
subnormal excretion; and sex precocity (Case 8, R. S.) by an abnormally 
high excretion. Furthermore in Addison’s disease, as in Case 1, D. W., 
the value for the 3-trans (a) component may approach that hypothecated 
for the adult female. In these cases, both the antimony trichloride and the 
meta-dinitrobenzene reagents render substantially the same results. Little 
information is gained from the separation into 3-trans (a) and 3-cis (8) 


hydroxyl fractions. 


B. Deficiency in females 

As indicated in Case 6, M. S., extremely low values are found in ad- 
vanced Addison’s disease. Nevertheless, immediately after an operation 
(Case 25, P. K.) or in chronic systemic disease (Case 47, S. R.) similar 
values are also encountered: therefore, such low values are not specific. 
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In females with Addison’s disease, the ‘“‘total’’ by the Pincus (29) re- 
agent approaches nil. In these cases, treatment with desoxycorticosterone 
failed to increase the value significantly. Even in females, however, the 
value with meta-dinitrobenzene is appreciable. The reason for this is not 
clear. This is the result to be expected, however, if D.C.A. were partially 
converted to some other steroid which reacts with the reagent. 


C. Hirsute females (obese and amenorrheic) 


In this vague group of embarrassed but not definitely pathologic women 
there is a tendency toward the male range of excretion. The respective 
“total” values given by the. meta-dinitrobenzene and the Pincus reagent 
agree well. The 3-trans (a) values, however, may be ususually lower than 
the total, with or without a detectable rise in the cis-values. In such cases, 
it is worth while to determine the first four values mentioned, 7.e., total 
meta-, total Pincus, trans meta-, and trans Pincus. Minor deviations from 
the normal distribution of 17-ketosteroids are characteristic. As examples, 
see Case 10, M. A. (number 10), and Case 13, C. P. 


D. Virilism and pseudo-virilism 


Because the basic pathological physiology of these cases is still obscure, 
several investigators (9, 20, 38) have attempted to utilize the 17-ketoster- 
oid excretion as an additional aid both in diagnosis and in studying pathen- 
ogenesis. These females tend to excrete more 17-ketosteroid than the normal 
male—even up to 100 mg. daily. The total value determined by the Pincus 
reagent tends to be lower than that found by the meta-reagent (cf. Case 
17, M. W.). The 3-trans (a) values tend to be disproportionately low, and 
the 3-cis (8) values high (cf. Case 16, S. A. B.). Therefore it is profitable 
to determine four values, 7.e., trans and cis by both methods. The chief 
chemical distinction from the preceding group is a total excretion above the 
normal male range, 7.e., above 25 mg. per twenty-four hours; accompanied 
by grosser deviations from the normal partition. The special case of Cush- 
ing’s basophilism seems not to have the high total excretion, but does 
show the disproportionately low 3-trans (a) value (cf. Case 20, patient 
I. G.). In this case, the determination of non-ketonic steroids as described 
by Heard (22) and by Talbot (34) would be of significance. 


E. Adrenal cortical tumor 


It has been known for some time that the excretion of ‘“‘androgens”’ is 
increased in certain tumors involving the adrenal cortex (28, 36) and pos- 
sibly the gonads (e.g., arrhenoblastoma). This high urinary excretion can 
be used, with reservations, to differentiate adrenal hyperplasia from tumor 
of the adrenal cortex in certain cases. As yet, however, it is not always pos- 
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sible to distinguish clearly between such patients. For example, patient 
W. W. (Case 17), might easily have been confused with patient P. K. 
(Case 24), although in the course of time it became clear that the former 
had a relatively benign disease whereas the latter suffered from ‘‘malig- 
nancy.” 

This group has much the same chemical characteristics as the preceding 
class. In some of the cases, however, the total excretion is huge (cf. Case 
22, J. S.), and the difference between the meta- and the Pincus values 
large. In other cases (cf. Case 23, E. F. P.) there is no obvious difference 
from the preceding group. The finding, however, of a “‘total’’ meta-value 
of over 100 mg., together with a Pincus ‘‘total’”’ less than 80 per cent of the 
meta-value, is highly suggestive of tumor. There seems to be little point 


_ in determining directly the 3-cis (8) values in these cases. 


F. Cancer and miscellaneous diseases 


From the data in Table 3, certain other points of interest may be em- 
phasized. Patient J. S. (Case 1) at 78 years showed a very low ‘“‘total.”’ 
Patient M.S. (Case 6), with chronic Addison’s disease, also showed a very 
low ‘‘total.’’ Of special interest in Table 3 are the cancerous patients in 
whom the neoplasm arose in a tissue not associated either with a gonad or 
with the adrenal cortex. In these cases, as shown in Fig. 3, the total 17- 
ketosteroid excretion was unusually low in several instances. This low 
excretion was not clearly associated with either malnutrition or convales- 
cence from injury. The authors are informed that Doctor Konrad Dobriner 
(11, 12) and Doctor Gregory Pincus (31, 37) have noted the same phe- 
nomenon. In this connection it is interesting that the present studies of 
oligomenorrhea and ovarian granulosa cell tumor (cf. patient M. B., 
Case 31) gave essentially normal results. 


VII. SUMMARY 


The urinary excretion of total 17-ketosteroids per twenty-four hours has 
been studied in forty specimens from thirty normal subjects. The total 
excretion has also been partitioned into 3-cis (8) and 3-trans (a) hydroxyl 
fractions. Similarly the urinary excretion has been studied in over fifty 
specimens from forty-eight individuals showing some abnormality. 

In many cases three colorimetric methods have been employed, 2.e., 
the original Zimmermann technique, a modified meta-dinitrobenzene tech- 
nique, and the antimony trichloride reagent of Pincus (29). The values ob- 
tained by the latter two methods are reasonably consistent and are defi- 
nitely lower than the data yielded by the older method. 

The following average values for normal individuals appear to be valid: 
for the 3-cis (8) hydroxy] fraction, 1.3 mg. per day; for the female 3-trans 
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(a) hydroxyl] fraction, 6.3 mg. per day; for the male 3-trans (a) fraction, 
12.9 mg. per day. 

At both extremes of life in either sex, the 17-ketosteroid excretion is very 
low. It may also be low in emaciating disease or early in convalescence from 
an acute illness. It tends to be low with cancer arising in various tissues, 
even though malnutrition is not evident. It is subnormal in delayed pubes- 
cence and high in sexual precocity. In untreated Addison’s disease (one 
male) it was found to be half the average normal. Early in the treatment 
of Addison’s disease with cortical extract (one female) no 17-ketosteroid 
was demonstrated by the Pincus reagent and only an insignificant quan- 
tity by the modified meta-dinitrobenzene reagent. After implantation of 
pellets of D.C.A. five female cases of Addison’s disease showed a total 17- 
ketosteroid excretion half the normal. In ovarian granulosa cell tumor 
(one female child), with excessive estrogen excretion, the total 17-ke- 
tosteroids were within normal limits. 

In fibromatosis of the ovary with virilism the total excretion (one female) 
was found to be three times the average normal. In virilism due to adrenal 
hyperplasia the total might be several times the normal, and the 3-cis 
(8) hydroxyl fraction was disproportionately elevated. In tumor of the 
adrenal cortex the total and 3-cis (8) excretion in the early stages occa- 
sionally approaches normal values, although the relative amount of the 
cis (8) value tended to be disproportionately high. In later stages of the 
disease the total excretion reached nearly a gram a day. 

The partition between 3-cis (8) and 3-trans (a) hydroxyl compounds was 
relatively uniform (1:9), with two exceptions. In eunuchoidism, the 3- 
trans (a) fraction was decreased and the 3-cis (8) increased; the partition 
was 1:2. In virilism without tumor the partition was 1:3. In tumor of 
the adrenal cortex the ratio of cis to trans varied, but occasionally ap- 
proached 2:1. 


VIII. CONCLUSIONS 


1. The current assumption that the 3-cis (8) hydroxy] fraction of urinary 
17-ketosteroids indicates the total function of the adrenal cortex seems un- 
warranted. In most human individuals, moreover, the role of dehydro- 
isoandrosterone is relatively small. 

2. In untreated Addison’s disease, the total excretion of 17-ketosteroids 
was found to be half the average normal in males. In females, it ap- 
proached zero. 

3. In virilism without tumor, rather higher excretions both of total and 
of the 3-cis (8) hydroxyl] fraction was noted. 

4. The problem ‘of the determination of dehydroisoandrosterone has 
been studied in different normal and pathological cases. Except in the case 
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of adrenocortical tumor, dehydroisoandrosterone does not appear of great 


significance in clinical cases. 
5. There is, however, a trend toward a slightly elevated 3-cis (8) hy- 


droxy] fraction in amenorrhea associated with virilism, whether or not the 
total 17-ketosteroid excretion is above normal. 

6. In certain patients with neoplasms not arising in a gonad or adrenal 
cortex, 17-ketosteroid excretion was unusually low. This finding was not 
clearly associated with malnutrition or with convalescence from injury. 

7. For-routine clinical diagnostic purposes, and for following progress at 
short intervals in selected cases, the simultaneous determination of total 
urinary 17-ketosteroids by two methods (7.e., m-dinitrobenzene and an- 


timony trichloride) is advantageous. 
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DEGENERATIVE CHANGES IN CEREBRAL 
ARTERIES FOLLOWING ADMINISTRA- 
TION OF DESOXYCORTICOSTERONE 
ACETATE 


F. M. FORSTER, A. CANTAROW, P. A. HERBUT, 
K. E. PASCHKIS anp A. E. RAKOFF 


From Jefferson Hospital, Philadelphia, Pa. 


ARIOUS toxic effects have been observed following the prolonged ad- 
ministration of excessive doses of desoxycorticosterone acetate, espe- 
cially if large amounts of sodium chlaride were administered simultaneously 
(4). We are reporting here certain previously unreported changes in the 
cerebral arteries which occurred during prolonged administration of this 
hormone in moderate dosage without excessive amounts of sodium chloride. 


CASE REPORT 


F. W., a white male, aged 13 years, was first admitted to the Jefferson Hospital on 
February 2, 1941. He had been in good health until the summer of 1938, when he had an 
attack of “jaundice” from which he recovered. In November, 1938, he had another 
attack of “jaundice,” after which his appetite failed and he lost weight and strength 
progressively. Brown ‘‘marks’’ appeared on the arms and neck. Nine days prior to ad- 
mission there was an episode of vomiting which lasted four days. The family and previ- 
ous medical history was non-contributory. . 

On examination, the patient was severely dehydrated and emaciated. There were 


areas of brown pigmentation and several “‘black freckles’ on the face and both shoulder . 


and also areas of dark pigmentation in the oral mucosa. The testes appeared normal, as 
did the heart and lungs. The blood-pressure was 84/60 mm. Hg. X-ray of the lungs re- 
vealed no abnormality, and x-rays of the abdomen showed no calcification in the supra- 
renal areas. The tuberculin test was negative. Laboratory studies were as follows: plasma 
NaCl, 495 mg. per cent; NPN, 39 mg. per cent; urine, normal; Hb, 75 per cent (Tahl- 
quist); RBC, 3,800,000; WBC 9500; polymorphonuclear neutrophiles, 37 per cent, stab 
cells, 6 per cent, eosinophiles, 7 per cent, basophiles, 3 per cent, lymphocytes, 32 per 
cent, monocytes, 15 per cent; two-hour oral glucose tolerance test, essentially normal; 
serum bilirubin, 0.2 mg. per cent; no abnormal bromsulfalein retention. 

The diagnosis of Addison’s disease was made, and, since crisis was not imminent, 
treatment was started with intramuscular injections of desoxycorticosterone acetate, 
5 mg. daily, and 8 gm. of NaCl in enteric-coated tablets orally daily, in addition to about 
5 grams of NaCl in the diet; there was also a supplementary feeding of Brewers’ yeast 
and ascorbic acid. There was prompt and striking clinical improvement. After minor ad- 
justments, adequate maintenance was established with 5 mg. desoxycorticosterone 
acetate sublingually in propylene glycol, and a dietary NaCl intake of about 5 grams 
daily. The patient was discharged, clinically well, to the care of his family physician on 
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March 19, 1941, with a blood pressure of 110/70 mm. Hg. and a weight gain of 6.8 kg. 
(15 lbs.); vitamin B complex and ascorbic acid were continued, in addition to the hor- 
mone, as indicated above. The patient reported to the Endocrine Clinic for observation 
at intervals of two months subsequently. 

Four months after discharge, the dose of the hormone was increased to 6 mg. daily 
because of weakness and failure to continue to gain weight. He was re-admitted to the 
hospital in February 1942 for routine check-up. During the previous year he had gone 
into normal puberty, with development of the genitalia and his secondary sexual char- 
acteristics. There was a normal increase in height and weight. The x-rays of the heart 
and lungs revealed no change. The blood count was normal, the blood-pressure, 110/60 
mm. hg. and the basal metabolic rate, minus 16. Medication was continued as before. 

In November, 1942, he gained more weight, was clinically well and engaged in school 
athletics, being active on the football team. The hormone was reduced to 5 mg. daily, 
and 3 gm. of NaCl were added to the diet in enteric coated tablets. On February 11, 
1943, two years after he had first been seen, he became acutely ill, with chills and head- 
ache following exposure to inclement weather. The following morning his nose was con- 
gested, he became febrile and delirious, and was brought to the Jefferson Hospital. 

On admission (Feb. 14, 1943) he appeared restless, with purposeless movements, 
breathing was stertorous, and he was delirious. There was swelling of the gums and of the 
pharyngeal mucosa, which was intensely inflamed. The right tonsil was bulging and in- 
flamed. There was nuchal rigidity and a positive Kernig sign. The abdomen was sca- 
phoid. The blood-pressure was 95/50 mm. hg., the temperature, 40°C. (104°F.); pulse, 
110 per min. The serum NaCl was 545 mg. per cent; the CO. combining power, 32 
volumes per cent; the blood sugar, 50 mg. per cent. The spinal tap revealed clear, color- 
less fluid under pressure of 110 mm. water, with a slightly increased globulin content and 
17 cells per cu. mm. There were no organisms in the stained sediment, and cultures for 
ordinary micro-organisms and for tubercle bacilli were negative. The x-ray of the chest 
revealed clear lung fields. A throat culture revealed a variety of organisms, with a pre- 
dominance of hemolytic streptococci. The diagnosis was acute hemolytic streptococcus 
pharyngitis and tonsillitis; meningismus; Addisonian crisis. 

He was given intravenous infusions of 3000 cc. of 5 per cent glucose in 0.85 per cent 
NaCl solution, and 50 cc. of adrenal cortical extract (Hschatin) and an intramuscular 
injection of 10 mg. desoxycorticosterone acetate. On the following day (Feb. 15, 1945) 
he received the same treatment, but the dose of hormone was increased to 20 mg., and 
sulfadiazine was started. On the following day the condition had improved consider- 
ably. His mind was clear and oriented and the signs of meningeal irritation had sub- 
sided. The temperature was 40°C. (104°F.), pulse, 140 per min., and blood-pressure, 
130/80 mm. Hg. The dose of adrenal cortical extract was decreased to 30 cc., and the 
glucose and NaCl infusions were repeated. The dose of hormone was not changed. On 
Feb. 17th the condition was unchanged. On this day, 20 cc. cortical extract was given 
intravenously with 2000 cc. 10 per cent glucose in 0.85 per cent NaCl solution, and 20 
mg. desoxycorticosterone acetate was given intramuscularly. On Feb. 18th the tem- 
perature was normal, the pulse 80 and blood pressure 120/80 mm. Hg. The condition was 
good. Intravenous medication was stopped and no cortical extract was given; 20 mg. 
desoxycorticosterone acetate being given intramuscularly, and 10 gm. of NaCl by 
mouth in enteric-coated tablets. 

On Feb. 19th there was slight pretibial edema. The blood-pressure was 120/80 and 
the patient felt well. The dose of desoxycorticosterone acetate was decreased to 10 mg. 
daily and the NaCl to 5 gm. On the evening of this day the patient suddenly had two 
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convulsive seizures, preceded by a feeling of dizziness. The first of these was fleeting, 
lasting only a few seconds and consisting of slight loss of consciousness, clonic move- 
ments of the extremities, and apnea, with consequent cyanosis. The blood-pressure was 
170/110 immediately after the convulsions. The attack subsided promptly after artificial 
respiration was administered. Ten per cent glucose solution (1000 cc.) was given intra- 
venously and was repeated during the following day. Early the next morning (Feb. 
20th) the patient had two fleeting seizures and one severe attack similar to that observed 
the preceding night. The desoxycorticosterone and NaCl were discontinued, and po- 
tassium citrate was given by mouth. The pretibial edema had not increased and the 
blood pressure was 140/90 mm. Hg. The electrocardiogram was normal, and the x-ray 
of the chest revealed no increase in size of the heart. Death occurred in a convulsive 
seizure during the night (Feb. 20, 1943). 


Autopsy findings (six hours after death) 


There was diffuse, light brown pigmentation of the skin, with dark brown to black 
freckles of varying sizes on the face, trunk and extremities. The left adrenal could not 
be identified grossly; in the region of the right adrenal there was only a thin streak of 
yellowish tissue that represented the former gland. The entire fat and connective tissue 
over an area 12 cm. in diameter at the site where each adrenal should have been was 
excised for microscopic study. The left lung weighed 400 gm. and the right, 435 gm. 
Both lungs were moderately congested and edematous, with patchy areas of atelectasis 
in the lower lobes. The mucosa of the larynx, trachea and bronchi was congested. In 
neither the lungs nor the mediastinal lymph nodes was there any evidence of old or re- 
cent tuberculosis. Each kidney weighed 125 grams and measured 19 X5 X3.5 cm. The 
capsules were not adherent. The cortices and medullas were sharply demarcated and of 
normal size and color. Peyer’s patches in the lower ileum were prominent and congested. 
The mucosa of the nose and all of the paranasal sinuses was greatly thickened and, in the 
latter, somewhat gelatinous. The heart, aorta, thyroid, thymus, spleen, liver, the rest 
of the gastro-intestinal tract, the prostate, urinary bladder, seminal vesicles, testes, 
epididymi and lumbar vertebrae showed no gross pathological changes. 

Microscopic section of each adrenal showed complete absence of the cortex. The out- 
line of each gland was represented by a band of condensed collagenous connective tissue 
which enclosed the remnants of the medulla. In approximately one-half of each section, 
the latter was greatly atrophied, appearing as a thin strand of dilated and engorged 
sinusoids, supported by a stroma of loose connective tissue. Scattered throughout the 
latter there were a few round cells, with round, evenly-staining nuclei and almost im- 
perceptible cytoplasm, together with a few larger round or oval cells with sharp borders, 
deep-pink-staining cytoplasm and somewhat eccentric, round, evenly-staining nuclei. 
The remainder of the medulla was considerably broader and more cellular. It showed a’ 
similar structure, except that the small round cells with scanty cytoplasm were more 
abundant and often collected into large foci. In addition, the sinusoids everywhere were 
surrounded by nests, cords or columns of medullary cells that were columnar, cuboidal, 
polyhedral or ovoid, and possessed either sharply defined borders or frayed and indefi- 
nite outlines. Sometimes the cytoplasm was deep pink, but at other times it was reticu- 
lated or even water-clear. In other words, the medulla in these areas disclosed a rela- 
tively normal structure. In the periadrenal connective tissue there were many small 
arteries and arterioles, none of which showed appreciable thickening or sclerosis. Some, 
however, stained with nile-blue sulfate, disciosed pink and red globules of neutral fat, 
most prominent in the adventitia and intima, but present also in the media. 
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Histologic sections of the skin showed a heavy deposit of brown pigment in the basal- 
cell layer of the epidermis and, in addition, small collections of similar pigment in the 
outer portion of the dermis, lying both free between the collagen fibers and within the 
cytoplasm of spindle cells. The most striking change in the kidneys was diffuse de- 
generation of the epithelial cells of the convoluted tubules. In many instances they were 
so swollen and granular that their borders were indistinct and the lumens completely 
occluded. In other areas, where the swelling was less marked and the lumens still patent, 
the latter contained varying amounts of pink-staining precipitated material. None of the 
tubules was appreciably dilated. The collecting tubules contained scattered clusters 
of sloughed epithelial cells but no definite casts. The glomerular tufts were irregularly 
congested, but otherwise entirely normal. Bowman’s spaces were prominent and usually 
empty, but sometimes they contained a pink-staining granular precipitate. Occasionally, 
the epithelial cells of the proximal convoluted tubules, at their points of exit from the 
glomeruli, lined the adjoining portions of Bowman’s spaces for distances of three to four 
cell diameters, and sometimes small groups of similar cells were found free within the 
capsular spaces, but nowhere were there invagations of the proximal convoluted tubules 
into the spaces. Although scattered afferent arterioles were thought to be slightly 
thickened, this change was questionable, and certainly none showed endarteritis ob- 
literans or sclerosis. The smaller parenchymal arteries were likewise normal. In six dif- 
ferent sections of the kidneys, only one vessel disclosed slight lunar thickening and 
sclerosis of the intima. The capillaries throughout the interstitial connective tissue 
showed marked congestion, but there was no edema or cellular infiltration. 

Microscopic sections of the thyroid gland showed diffuse hyperplasia. The colloid was 
relatively scanty. Sometimes it was solid, with scalloped edges, but more frequently it 
was granular or absent entirely. The lining cells were cuboidal or columnar, often with 
papillary infoldings and occasionally vacuolated cytoplasm. Some acini were large, 
others quite small, and others were represented by solid clusters of cells. The interstitial 
tissue was somewhat fibrous, quite vascular, and contained lymphocytes, either diffusely 
arranged or in follicle formation. The mucosa of the nasal cavity and paranasal sinuses 
was lined with intact ciliated epithelial cells. The submucosa was slightly or markedly 
congested and showed varying degrees of infiltration with lymphocytes, plasma cells 
and fewer polymorphonuclear neutrophiles and eosinophiles. The mucosa of the entire 
trachea revealed, in addition, a very prominent hyaline basement membrane. The lungs 
showed congestion and edema, but no consolidation. In the liver, the radiating pattern 
of the liver cords was lost completely. The cytoplasm of the liver cells was diffusely 
reticulated and vacuolated. Sections stained with nile-blue sulfate showed collections of 
deep-blue to purple droplets within the cytoplasm of the cells, particularly around the 
central veins. These, however, accounted for only a fraction of the vacuoles seen in the 
hematoxylin and eosin-stained sections. Microscopic examination of the remaining or- 
gans, which included the heart, thymus, parathyroids, intestines, pancreas, lymph nodes, 
bone-marrow and testes, showed no histopathological changes. Brain: The fresh brain 
weighed 1425 gm. The hemispheres were of normal size, shape and consistency. The 
leptomeninges were clear and translucent. The vessels of the base appeared normal. - 
Coronal sections of the cerebrum revealed the ventricles to be normally placed and of 
normal size. The cortex, white matter and basal ganglia were normal. Cross sections 
of the brain stem and cerebellum revealed these structures to be grossly normal. 

A section of the right prefrontal cortex and of the basilar artery were embedded in 
paraffin and sections of both frontal, parietal, temporal and occipital cortices were em- 
bedded in celloidin. Sections were stained with hemotoxylin and eosin, toluidin blue, 
scarlet red and Weigert’s elastica stain. 




















Fig. 1. Section of cortex of patient (hematoxylin and eosin) 400. The arteriole 
presents thickening of the wall. 

Fic. 2. Section of cortex of patient (scarlet R) <200. There is deposition of fat within 
and about the vessel. 

Fig. 3. Basilar artery of the patient (elastic stain) x50. Demonstrates mild splitting 
of the elastica. 

Fig. 4. Section of cortex of dog treated with desoxycorticosterone acetate (hema- 
toxylin and eosin) X400. Vacuolar hyalinization is present in the meningeal blood 
vessels. 

Fic. 5. Cortex of rabbit No. 13 treated with desoxycorticosterone acetate (hema- 
toxylin and eosin) X400. Marked thickening of arteriolar wall with narrowing of 
lumen. 

Fic. 6. Cortex of rabbit No. 17 treated with desocycorticosterone acetate (hema- 
toxylin and eosin) 400. Cortical arteriole shows thickening of the wall with narrowing 
of lumen and some hyalinization. 

Fie. 7. Seetion of the cortex of rabbit No. 17 treated with desoxycorticosterone acetate 
(hematoxylin and eosin) 400. Vacuolar hyalinization of the media of the meningeal 
blood vessels. 
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The meninges in all sections were normal. The convolutional angles were of right 
angle conformation and the tissue spaces were widely dilated. The smaller arteries of 
both meninges and parenchyma were thickened, the media was pale and hyalinized 
and the intima showed some proliferation. Fat stains revealed deposition of fat in the ves- 
sel-walls and about the vessels (Fig. 2). The cortical laminations were intact but the neu- 
rones had undergone severe change, with fewer ganglion cells in layer III of the cortex, 
and the cells still present had undergone shrinkage, ldss of Nissl substance and frag- 
mentation. These cells were frequently hyperchromatic. Sections of the basilar artery 
showed splitting of the internal elastic membrane(Fig. 3). 


COMMENT 


The occurrence of convulsions simultaneously with edema suggests that 
the former, like the latter, were probably due to overdosage with desoxy- 
corticosterone acetate and NaCl. Hypoglycemia appears unlikely as a 
cause of the convulsions because of the absence of any manifestations of 
adrenal insufficiency at the time and the recurrence of seizures at a time 
when ample carbohydrate had been administered by mouth and by intra- 
venous glucose infusion. The fact that the convulsions occurred after ap- 
parent subsidence of the acute pharyngeal infection, with return of the 
temperature to normal, suggests that these phenomena were probably not 
related, particularly in view of the morphologic changes observed in the 
brain and meninges. The cause of the convulsions is not clear, but they 
may have been due to changes resulting from overdosage with desoxy- 
corticosterone, NaCl, and cortical extract during the terminal episode. 
We have found no reference in the literature to the occurrence of convul- 
sions under such circumstances, except in the case of one monkey men- 
tioned by Selye and Hall (4). 

Among the factors which may have been responsible for the occurrence 
of the seizures must be mentioned cerebral edema, cerebral vascular disease 
caused perhaps by the antecedent prolonged treatment with therapeutic 
doses of desoxycorticosterone, and hypertension produced by the final 
overdosage. The latter has been observed in animals (3) and in patients 
with Addison’s disease (6, 7) receiving excessive amounts of desoxy- 
corticosterone and sodium chloride. 

Interest was centered particularly in the rather severe damage of the 
cerebral and meningeal arteries, which is unusual in a boy 15 years of age. 
The possibility that these changes might have been related to prolonged 
treatment with this hormone prompted study of the cerebral blood vessels 
in animals given this material over comparatively long periods of time. 


ANIMAL EXPERIMENTS 


Methods 
Desoxycorticosterone acetate was given by subcutaneous injection to 
four rats, seven rabbits and one dog, in doses indicated in Table 1, Four 
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TABLE 1 
D ti- 
Animals iota Cerebral vascular changes 
* Thicken- A P 
Daily | puration| Degeneration le ae Splitting] Prolifer- 
dose (days) of the nuteeielia’ of ation of 
(mg.) mediat walle elastica | intima 
Rat NN 2.5 87 + 0 0 0 
Rat H 2.5 87 Zo 0 0 0 
Rat B 2.5 87 +++ + aa 0 
Rat T 2.5 87 + + 0 0 
Rabbit 17 1.0 183 ++++ + - + 
Rabbit 16! 1.0 15 + 0 0 0 
Rabbit 15 1.0 15 + 0 0 0 
Rabbit 14 1.0 15 Ss en ss 0 0 
Rabbit 13? 1.0 31 ++++ ++ 0 0 
Rabbit 12 1.0 363 +4 + 0 + 
Rabbit 114 1.0 495 Bt oie ae 0 0 
Dog 5 70 +++ + | bs | 0 

















1 Adrenals had been removed. 

2 Slight degeneration of media of larger arteries of parenchyma. 
3 Killed 81 days later. 

4 Arteriolar lumina normal ; occasionally almost occluded. 


5 Killed 57 days later. 
t +pale hyalinization of media of a few arteries 
+ +pale hyalinization of media of many or all arteries. 
+ + +vacuolization of media in addition to ++. 
+ + + +very marked vacuolization and hyalinization. 


rats, eight rabbits and two dogs, of approximately the same ages as the 
test animals, were used as controls. All were sacrificed under ether anes- 
thesia, the brains being removed immediately and placed in 10 per cent 
formalin. Representative sections of the cerebrum, cerebellum and brain 
stem were stained with hematoxylin and eosin, toluidin blue, van Gieson- 
Weigert elastica stain and scarlet red. Sections of other organs were stained. 
with hematoxylin and eosin and frozen sections with nile-blue sulfate. 


Results 


Brain: Definite degenerative changes were present in the cerebral 
blood vessels of all treated animals. No similar changes could be found in 
the control animals. The chief alteration consisted in degeneration of the 
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media of the smaller arteries and arterioles. This was evidenced by thick- 
ening of the media and a clear, pale hyalinization of this portion of the 
vessel wall, progressing in many instances to vacuolization (Figs. 4 to 7). 
Fat stains revealed no evidence of lipid material in these vacuoles. The elas- 
tica of the blood vessels showed only slight and inconsistent splitting, and 
proliferation of the intima was noted only occasionally. In only one rabbit 
did the largér parenchymal arteries show degenerative changes in the 
media and in no instance were the great vessels of the circle of Willis in- 
volved. These degenerative changes in the media of the smaller arteries 
and arterioles were confined to the cerebral vessels. In one rabbit (No. 16) 
in which adrenalectomy had been performed prior to administration of the 
hormone, the vessel changes were similar to those in the other animals. 

Dogs: Microscopic examination of the kidneys revealed moderate de- 
generation of the tubular epithelium, with some precipitated, pink-stain- 
ing, granular material in their lumens and only occasional hyalin casts. 
The glomeruli were congested and there was considerable edema fluid in 
Bowman’s spaces. There were several foci of lymphocytes, plasma cells, 
polymorphonuclear leukocytes and eosinophiles in the interstitial connec- 
tive tissue. The larger arteries were normal. There was questionable thick- 
ening of an occasional arteriole, but none showed sclerosis. Sections of the 
liver disclosed foamy hepatic cells with collections, in the portal areas, of 
plasma cells, eosinophiles, polymorphonuclear leukocytes and phagocytes 
containing brown pigment. Occasionally, in these areas, there were small 
acute abscesses. Sections of the heart, adrenals, ovary, voluntary muscles, 
aorta and peripheral arteries showed no abnormality. 

Rabbits: The following organs were examined microscopially: the eye, 
heart, lungs, adrenals, liver, kidneys, larger blood vessels, voluntary mus- 
cles and either testes or ovaries and uterus. In none of the organs of the 
treated animals were there any arterial or arteriolar changes not found 
also in the control animals. The kidneys of rabbits 13 and 17 showed col- 
lections of lymphocytes, plasma cells and eosinophiles radiating in streaks 
from the medulla. The livers of rabbits 13, 15 and 17 disclosed a diffuse 
sprinkling with eosinophiles and those of rabbits 14 and 17 showed rather 
severe fatty change. The lungs of all treated animais showed congestion 
and edema, and some also partial atelectasis. The testes of rabbit 13 dis- 
closed relatively inactive spermatogenesis. There was no atrophy of the 
adrenal cortex. 

Rats: Sections were made of the heart, lungs, adrenals, liver, kidneys and 
voluntary muscles of both treated and control animals. No abnormalities 
were observed in any of the organs, with the possible exception of the kid- 
neys, where there was some degeneration of the tubular epithelium and an 

















January, 1946 DEGENERATIVE CHANGES IN CEREBRAL ARTERIES 85 


increase in hyalin and granular casts in the treated group. None of the 
arteries or arterioles showed thickening or sclerosis. There was no atrophy 


of the adrenal cortex. 
DISCUSSION 


The cerebral vascular changes observed in the present case are of par- 
ticular interest. These changes are regarded as degenerative because of the 
hyalinization of the media and the deposition of lipid within and about the 
vessel wall. The possible etiologic factors in the production of these 
degenerative changes in this case are (1) Addison’s disease; (2) the acute in- 
fection; (3) co-incidental arteriosclerosis; and (4) desoxycorticosterone 
acetate. Review of the literature on autopsy findings in Addison’s disease 
failed to reveal mention of a similar process in untreated or treated cases. 
Moreover, review of the sections of the central nervous system in one case 
of fatal and untreated Addison’s disease in a 35 year old patient revealed 
the cerebral arteries to be normal. It is therefore unlikely that the cerebral 
vascular changes were due to Addison’s disease per se. 

Mild to moderate degrees of adventitial proliferation in the vessels of 
the central nervous system occur not infrequently in acute infectious proc- 
esses. The changes in the media in our observation are totally unlike this 
adventitial proliferation, and the medial changes are degenerative rather 
than proliferative in nature. Fragmentation of the internal elastica and 
necrosis of the media of arteries of small and medium caliber have been de- 
scribed in acute infections, notably in la grippe (5). However, these changes 
are generalized, whereas in our case degenerative vascular changes were 
limited to the cerebral vessels. Furthermore, the histological picture ob- 
served in acute infections differs in other respects from that observed in 
our case. Nor could these vascular changes be considered as purely coinci- 
dental and due to an early arteriosclerotic process, because of certain 
peculiar features, especially the lipid deposition. By exclusion the most 
likely explanation is the fourth and final possibility, i.e., that the cerebral 
vascular alterations are the result of the adminitration of desoxycorti- 
costerone acetate. Since it seemed unlikely that such changes were pro- 
duced by overdosage of desoxycorticosterone acetate of four days duration 
we were inclined to attribute them to the prolonged administration of 
moderate therapeutic doses. The purpose of the animal experiments was 
to investigate this possibility. 

Carnes, Ragan, Ferrebee and O’Neill (6), Selye and Hall (4), Selye, 
Beland and Sylvester (4a) and Darrow and Miller (7) have reported his- 
tological changes in animals following the administration of large doses of 
desoxycorticosterone acetate and NaCl. Selye and Hall (4) describe altera- 
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tions of the aortic arch, as well as severe renal vascular changes. Selye, 
Beland and Sylvester (4a) describe changes of the cerebral blood vessels in 
rats treated with very large doses of the hormone and of salt. These changes 
are of periarteritis nodosa type and appear to differ from the changes 
observed in our experimental animals which received smaller doses of 
desoxycorticosterone acetate and no excess of NaCl. 

The cerebral vascular changes observed in our experimental animals 
were present in all species examined, viz., dog, rat and rabbit. In these an- 
mals, as in the patient with Addison’s disease the vascular changes were 
confined to the central nervous system. 

The vascular changes induced in the experimental animals involved both 
parenchymatous and meningeal vessels but the parenchymatous vascular 
involvement was more pronounced. The chief alterations consisted of 
medial hyalinization and vacuolization, and, like those of the clinical case, 
were degenerative in nature. There were certain differences between the 
vascular changes in the clinical case and those in the experimental animals, 
the latter showing no lipid material in the vessel wall, and no involvement 
of the vessels of the circle of Willis. These discrepancies may possibly be 
due to species variation, degree and duration of dosage or other unknown 
factors. 

SUMMARY 


The case of a young boy with Addison’s disease is described who was 
successfully treated for a period of two years with desoxycorticosterone 
acetate and small amounts of sodium chloride. During a crisis precipitated 
by an acute upper respiratory infection he received excessive amounts of 
cortical extract, desoxycorticosterone acetate and sodium chloride for five 
days, and he died from overdosage of these agents following several con- 
vulsive seizures. At the autopsy degenerative lesions were found in the 
cerebral arteries, while other arteries studied failed to reveal any changes 
excepting some degenerative changes in the atrophic suprarenal tissue. It 
was believed that the cerebral vascular lesions were due to the administra- ~ 
tion of the hormone in moderate therapeutic doses over a long period of 
time. Administration of desoxycorticosterone acetate to animals (dogs, 
rats, and rabbits) produced similar but not identical lesions of the cerebral 
blood vessels. 
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METHYL TESTOSTERONE AND SURGICAL 
CASTRATION IN THE TREATMENT OF 
CARCINOMA OF THE BREAST 


WILLIAM P. BOGER, M.D. 


HE concept of “‘medical”’ castration has gained considerable attention 

in the therapy of carcinoma of the prostate, but a similar application 
of androgenic hormones to the “‘medical’’ castration of the female suffering 
from carcinoma of the breast has been given very little clinical trial. An- 
drogenic substances should be administered with caution in the presence 
of neoplastic disease for they differ markedly from estrogens in their 
growth-stimulating properties. Therefore, in giving male sex hormones to a 
patient with malignant disease of the breast, the advantages of suppressing 
ovarian activity must be weighed against the possible danger of stimulating 
the cancerous growth. 

We recently treated a woman suffering from extensive metastatic car- 
cinoma of the breast by surgical castration and concomitant administration 
of methyl testosterone. The transformation of the patient from one who 
was bed ridden to an‘ambulatory one, and the arrest and recalcification of 
the extensive skeletal metastases was so impressive that the case is reported 
here. Similar results have been reported after castration alone, but the fol- 
lowing suggests strongly that methyl testosterone exerted an added bene- 
ficial effect. 

CASE HISTORY 


This 27 year old white woman was seen on June 27, 1944, complaining of “‘rheu- 
matism’’ of her back. The past medical history revealed nothing of significance, and the 
patient had never been confined to bed because of illness. The menstrual and obstetrical 
histories were normal in all particulars and two children were well at three and five years 
of age. 

The patient felt a “lump” in the breast during June, 1942, and consulted a physician 
who regarded the “lump”’ as of no importance. During the subsequent seven months 
the patient visited the physician several times and expressed concern over the mass in 
her breast. On January 12, 1943, a simple mastectomy was done. The tumor removed 
was 6 cm. in diameter and was diagnosed as an adenocarcinoma Grade 4. An unknown 
amount of x-ray therapy was directed to the operative site. The patient was given no 
advice about future pregnancies, and, in January, 1944, a therapeutic abortion was done 
to terminate a two months’ pregnancy. On March 14, 1944, while riding over a bumpy 
road, a sudden jolt caused agonizing pain in the lower part of the back. The pain was so 
severe that she had to be carried from the automobile. Thereafter there was no freedom 
from pain in the back which radiated down both legs, and disability increased. ‘Shots’ 
given for her “rheumatism”’ failed to relieve the pain. 

When seen on June 27, 1944, the patient was assisted into the office by two persons. 
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Her face was haggard with pain and both posture and gait clearly indicated the site 
of her complaints. The hands were placed on the buttocks in an effort to support the 
hyper-lordotic back and the feet dragged on the floor as the legs swung more or less 
passively from the hips. Locomotion without help was impossible. 

The patient was afebrile and weighed 109 pounds (usual weight 135 pounds). The 
right breast was absent and in its place was a five inch scar; surrounding skin changes 
were compatible with previous irradiation. There was no evidence of recurrence in the 
scar and no glands were felt in the right axilla. The examination of the back showed 
exaggeration of the normal lumbar curvature and marked tenderness over the spinous 
processes of the third, fourth and fifth lumbar vertebrae. Flexidn of the spine elicited 
excruciating pain. The patient was unable to raise the right leg from the bed and could 
not flex the right knee. The left leg could be lifted from the bed with difficulty but even 
the weight of the examiner’s hand prevented this. It was impossible for the patient to 





Fic. 1. Shows the extensive osteolytic metastases on June 28, 1944, when the pa- 
tient was first seen and before any therapy. 

Fic. 2. An x-ray taken August 17, 1944, forty-seven days after the institution of 
therapy, reveals considerable recalcification at the sites of bone destruction noted pre- 
viously. 

Fic. 3. Demonstrates complete disappearance of many of the osteolytic lesions and 
more extensive recalcification on September 19, 1944. 


assume a sitting position normally but by painful contortions she could “climb” to a 
sitting position in the manner so characteristic of patients with low back pain. Pelvic 
examination was normal but pressure of the examining finger agains the ventral surface 
of the sacrum caused severe pain. There were no abnormal neurological signs. The 
physical examination was compatible with extensive involvement of the lumbar spine 
and pelvis by metastatic carcinoma of the breast. 

Roentgenograms revealed extensive destruction of the sacrum by osteolytic metas- 
tases, and there was a compression fracture of the sacrum. The innominate bones and 
the head and neck of both femora were riddled by osteoclastic lesions. A bone survey 
showed several lesions in the shafts of the femora but none were seen in the cranium, 
thorax or upper extremities. The hemoglobin was 95 per cent (Sahli); erythrocytes, 
4,600,000; leucocytes, 9,350; the differential count was normal; the sedimentation rate, 
41 mm. per hour (Westergren) ; and the serum calcium, 10.4 mg. per 100 ce. 
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The patient and her husband were wel! aware of her critical condition and were will- 
ing to accept any therapy offered. After explaining the usual severity of surgical meno- 
pause, the patient was operated upon June 30, 1944. 

Bilateral oophorectomy was performed (Dr. M. J. Magnussen) under local anesthesia, 
and there was no evidence of metastases in the peritoneal cavity. The day following 
operation, 10 mg. of methyl testosterone were given three times a day. The relief from 
back pain was commented upon within 48 hours and she was practically free of pain at 
the end of a week. When discharged on June 14, the patient was able to walk with very 
little assistance. Methyl testostergne, 30 mg. every other day was continued. 

On August 16, one‘month after discharge, the patient walked into the office, her face 
wreathed in smiles and looking almost plump. She was free from pain and had a greater 
sense of well being than she had had for years. There had been a gain of 4.3 kg. (93 
pounds) in weight, and there was a remarkable recovery of muscle power in the legs. 
There had been slight vaginal spotting four weeks after castration (June 28). There 
were no menopausal symptoms and there was no evidence of masculinization after 900 
mg. of methyl testosterone had been taken. The patient was advised to continue with 
30 mg. of this drug every third day. At this time the blood values were normal, and the 
sedimentation rate was 44 mm. per hour (Westergren). X-rays of the pelvic bones re- 
vealed extensive recalcification of the previously osteolytic metastatic lesions. 

On September 19 the patient weighed 56.3 kg. (124 pounds), and felt so well that 
she had been doing light housework and desired to do more. The back could be flexed 
in all directions without pain and she could sit up normally from the supine position. 
Some increase of hair on her arms and legs and a slight huskiness of the voice had been 
noted. Ovarian withdrawal symptoms were limited to a few “‘warm feelings.” X-ray 
films showed still further calcification in the sacrum and the pelvic bones but a new 
osteoclastic lesion had appeared in the shaft of the left femur and in the second and 
seventh ribs (left). The sedimentation rate was 24 mm. per hour (Westergren) and the 
serum calcium was 11.5 mg. per 100 cc. Interestingly enough the vaginal smear (Shorr’s 
stain) showed a full estrin effect after having taken 1230 mg. of methyl testosterone. 
Medication was still further decreased to 10 mg. every other day. 

November 16, 1944, the patient weighed 126 pounds and the sense of well being 
continued. A slight amount of hair had appeared on the face and there was further in- 
crease of body hair. The voice was definitely husky. Occasional mild “‘hot flashes’ were 
noted but the patient was not troubled by them. Because a personal follow-up of this 
patient was impossible and because of the potential dangers of androgenic therapy, 
methyl testosterone was discontinued. 

By correspondence it was determined that this patient continued in good condition 
until March, 1945, when her health began to deteriorate and the pains in both her back 
and legs returned. In a very short time the patient developed the signs and symptoms 
of transverse myelitis and became bedfast. She expired June 18, 1945, about one year 


after surgical castration. 


DISCUSSION 


Castration is a valuable palliative measure in the treatment of carci- 
noma of the breast, and from thirteen to fifteen per cent (1) and even thirty 
per cent (13, 17, 67) of the patients so treated may be benefited. Beatson 
(7) should be credited with first performing’ bilateral oophorectomy in a 





1 In 1896. 
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case of mammary cancer. Schinzinger (2, 61) independently proposed 
the procedure, but it is not clear that he ever did the operation himself. 
Within Beatson’s time the value of castration was established (41, 68) 
and bilateral oophorectomy still has its proponents (29, 30). Since 1920 
(2) irradiation has largely replaced surgery as the method of choice in 
sterilizing women with cancer of the breast. It is doubtful whether this 
preference for irradiation is justified, for even heavy doses of x-ray may 
fail to bring about permanent cessation of the ovarian function (3, 34, 49). 
Despite discrepancies between surgical and irradiation castration, some 
striking instances of regression of metastases of cancer of the breast have 
been observed. Individual cases have shown reduction in size of the 
breast tumor itself (7), the occasional disappearance of parenchymal me- 
tastases (17, 28, 39, 67) even in the lungs (1, 28, 32) and liver (1), the re- 
gression without local treatment of a scalp metastasis (28), recalcification 
of osteolytic metastases (6, 13, 17, 24, 26, 28, 46, 57, 67), and survival after 
the appearance of metastases for 2 to 5 years (41, 68), six years (13, 17) 
and even eight years (1). 

The skeletal metastases of mammary cancer are of particular interest, 


they are common, may occur without local or visceral metastases, and show ~ 


a predilection for the lumbar spine and pelvic bones (9, 39, 40, 60). Some . 
metastases are osteosclerotic (2 to 27 per cent) (9) and although spontane- 
ous changes from osteoclastic types to osteosclerotic types are mentioned, 
they must be very rare. In the main, metastases are osteolytic and if they 
are observed to become sclerosed or calcified, the treatment which has 
been given may be regarded as the cause of the change (72). 

In this connection, the claims that direct irradiation of metastases will 
produce sclerosis of the lesions should be commented upon. It is significant 
that some of the most striking of these cases (9, 12, 29, 39, 47, 58) have re- 
ceived heavy irradiation over the lumbar spine and pelvis and the likeli- 
hood of an incidental irradiation castration, rather than direct irradiation, 
being responsible for the results seems very great. Nevertheless this possi- 
bility is only cursorily mentioned (12, 40). The arrest and recalcification 
of osteoclastic lesions following surgical and irradiation castration have 
been noted above. Fels (21) reported a case which appears to be unique in 
thet extensive skeletal metastases recalcified following ‘‘medical”’ castra- 
ti 1 with testosterone propionate. 

The usefulness of castration depends upon the removal of the ovaries 
as a source of breast-stimulating estrogens. Ablation or suppression of the 
ovaries, particularly in the premenopausal age group, does bring about re- 
gressions of breast carcinoma, but after a longer or shorter period of la- 
tency, the growth of the cancer continues. Whether this is due to the 
growth properties of the neoplasm itself or to endocrine influences is not 
clear. 
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Despite extensive experimental data the interrelationships between the 
breast and the ovaries, adrenals and pituitary are not understood. A pre- 
dominant role in breast development is played by the ovaries, but in. ani- 
mals the adrenals have shown a capacity for substituting for the ovaries if 
castration is done at an early age (50). The ability of pathological adrenal 
tissue to produce estrogens is dramatically demonstrated by the rare 
feminizing adrénal cortical tumors which occur in males (42, 64). The re- 
moval of the ovaries does not remove all sources of estrogens from the 
human body and estrogens are present in the urine long after the meno- 
pause (2, 22, 23) and even after surgical castration (3, 23, 49). It is inter- 
esting to note that these estrogens from extra-ovarian sources do not pro- 
duce changes of the mammae or the genital tract in the pre-adolescent or 
the premenopausal woman, so their practical importance may be ques- 
tioned. It has been suggested that the breast has a certain degree of au- 
tonomy with respect te growth, but this is difficult to evaluate. The influ- 
ence of pituitary hormones on the breast is acknowledged but in the 
absence of ovarian secretions their actions are not clear. The stimulation 
of lactation with prolactin for long periods in both normal and cancerous 
breasts of dogs after both ovariectomy and adrenalectomy is of great in- 
terest (33) in this connection and warrants further study. 

Androgens are capable of producing ‘‘medical’’ castration, and, in addi- 
tion, it has been claimed that androgens may have an actual neutralizing 
or antagonistic effect upon estrogens (25, 59, 63). If this is so, the use of 
androgens to castrate the patient and also to neutralize extra-ovarian 
estrogens might conceivably have certain advantages over surgical and 
irradiation castration. 

The evidence thus far does not seem to substantiate this. Loesser (43, 44) 
treated six patients with cancer of the breast by subcutaneous implanta- 
tions of testosterone propionate with no striking results. Farrow and Wood- 
ward (18) treated 33 patients with testosterone propionate and noted not 
only no improvement but actual acceleration of metastatic growth with 
increased bone destruction and hypercalcemia. Ulrich (70) claimed benefits 
from testosterone propionate but the results which he obtained may well 
have been due to surgical castration which preceded the hormone therapy. 
Fels alone has reported relief of pain, marked change in clinical course and 
recalcification of extensive skeletal metastases following masculinization 
of a menstruating woman with testosterone propionate. 

Prudente (55) recently has suggested that androgens may be given pre- 
operatively for their prophylactic value in preventing recurrence of carci- 
noma of the breast. This suggestion is worthy of consideration but surgical 
and irradiation castration done with a similar hope have not been found to 
have any valuein the prevention of recurrence (13, 14, 67). The use of 
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androgens in the treatment of carcinoma of the breast should be under- 
taken cautiously because the experience to date is small and not encourag- 
ing, and there is good reason to scrutinize androgen therapy with care. The 
male sex hormones are powerful anabolic (73) and growth stimulating hor- 
mones (4, 35, 36) and they may accelerate the growth of metastases (18). 
The bisexual activity of androgens has been shown by the stimulation of 
breast development in both male and female animal castrates (38, 52, 53, 
62, 71), by the appearance of mastitis (27, 35) and actual gynecomastia 
(47) in eunuchoids following testosterone therapy, and an actual increase 
of estrogens or estrogen-like substances in the urine following their ad- 
ministration (15, 59, 66). These observations suggest partial conversion of 
androgens into estrogens (16) or stimulation of estrogenic production, and 
make it questionable whether androgens should be used in the presence of 
mammary cancer. 

The observations which have been made on six cases of carcinoma of the 
male breast following orchidectomy are of great interest (1, 18-20, 52, 56). 
_ The sclerosis of skeletal metastases following removal of the testes has 

corresponded exactly with that seen following removal of the ovaries in 
the female. The age of the patients (case 5, aged 38, excepted) may be sig- 
nificant, for after 60 years spermatogenesis may be assumed to be de- 
ficient or absent and androgen production reduced. The cases might then 
resemble endocrinologically the young men with gynecomastia, aspermato- 
genesis and increased excretion of follicle stimulating hormone with a pos- 
tulated lack of “inhibin” to account for their breast development (37). 

The foregoing discussion emphasizes that the physiology of the breast 
and the factors which control the growth of breast tissue still need clari- 
fication. Androgenic substances have bisexual endocrine potentialities and 
should be used with caution. Surgical and irradiation castration have a 
limited usefulness in the palliative treatment of carcinoma of the breast 
and it is unlikely that “medical” castration will be more useful, and may 
even have added dangers. 


COMMENT 


The case reported herein serves to remind us that the importance of a 
“lump” in the breast should never be minimized, operation should not de- 
pend on the importunities of the patient, metastases may occur early and 
without local manifestations, and steps should be taken to prevent further 
pregnancies (65, 69) once a carcinoma has been diagnosed. Bilateral 
oophorectomy is more definitive than irradiation castration, but any cas- 
tration falls short of eliminating estrogens from the body because there are 
extra-ovarian sources of estrogenic substances. The beneficial results ob- 
tained in this case may have been due to removal of the ovaries alone, and 
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this is the opinion of those to whom this case has been related (5, 6, 26, 
46). 
It is difficult to evaluate the part which methyl testosterone may have 
played. The dosages were not large but some physiologic effects were 
noted, viz., an increase in body hair and a change in the voice. It is also 
suggested that menopausal symptoms were controlled by the methyl 
testosterone, for they were absent during the four month period that the 
patient was taking it. The vaginal smear showing full estrogen effect was 
interesting, and this finding has been observed by some (25, 59) and not by 
others (54). ¢ 

Either due to castration alone or to castration plus methyl testosterone, 
this patient’s life was prolonged for one year and she had eight months of 
nearly normal activity—a not inconsiderable benefit to be conferred on 
the mother of two small children. 


SUMMARY 


A young woman suffering from extensive metastatic carcinoma of the 
breast was surgically castrated and given 1,440 mg. of methyl] testosterone 
over a period of eight months thereafter. The patient was bedridden when 
the therapy was instituted, and within two weeks thereafter she was am- 
bulatory and free of pain. Extensive osteolytic metastases in the spine and 
pelvis were partially recalcified within six weeks. The patient died approxi- 
mately one year after treatment was begun, but she was given eight months 
of useful living before her condition began to deteriorate. 

The merits and limitations of castration as a therapeutic measure in 
the treatment of cancer of the breast are briefly discussed. The use of andro- 
genic substances to produce ‘‘medical’’ castration has been given little 
clinical trial and their value should be cautiouly evaluated. 
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THE EFFECT OF THE ADMINISTRATION OF 
ESTROGENS UPON THE PRODUCTION OF 
CERVICAL MUCUS IN CASTRATED 
WOMEN! 


W. T. POMMERENKE, M.D. ann ELLENMAE 
VIERGIVER, Px.D. 


From the Department of Obstetrics and Gynecology, The University of Rochester 
School of Medicine and Dentistry and Strong Memorial Hospital 


F THE various functions that have been assigned to the cervical 

mucus, that of protection of the uterine cavity against infection 
(3, 4) would appear to rank high in importance. Whereas clinical evidence 
seems to support the contention that the mucus possesses this property, 
actual proof that it exercises this function through a bactericidal substance 
seems wanting. The protection given the uterus by the cervix and its con- 
stant secretion of mucus may appear to have a physical rather than a 
chemical basis. It has however been reported that secretions associated 
with chronic cervicitis exert a hostile, if not a lethal, effect upon spermato- 
zoa in vivo (2, 8, 14). 

Séguy et al. (9, 10) reported that an increase in the amount of cervical 
mucus occurs between the 10th and 15th days of the menstrual cycle, < nd 
correlated this observation with an increase in urinary estrogen and with 
visual evidence of ovulation. Lamar, Shettles, and Delfs (6) extended these 
observations by noting that spermatozoa can penetrate the mucus to an 
appreciable degree only during this time of increased secretion and during 
menstruation. At the time of increased secretion the mucus is found to have 
a relatively low viscosity. We (12) have noted that the greatest secretion of 
mucus, quantitatively determined, corresponds quite closely to the time 
of the shift of the basal temperature which is believed to be associated with 
the ovulatory process. In a later study (13) we described an objective 
method for determining the viscosity of cervical mucus, and confirmed the 
earlier observations of Lamar et al. that the viscosity is lowest during the 
mid portion of the cycle, at a time noted to correspond with the greatest 
secretion of mucus. : 

Guttmacher and Shettles (5) determined that the cervical mucus of 
women who have had the menopause can be altered by the administration 
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of proper dosages of estrogens. One that is acid, highly viscid, and non- 
penetrable or only slightly penetrable by spermatozoa can be converted 
to one that is alkaline, less viscid, and readily penetrable by spermatozoa. 
Bennett (1) recognized the value of observing the cervical mucus in ap- 
praising objectively the response to estrogen therapy in menopausal pa- 
tients, and confirmed in general the observations of Guttmacher and 
Shettles. 

It seemed proper at this time to attempt to determine the point of origin 
of the substance called cervical mucus. Heretofore it has been presumed 
that this mucus originates from the cervical glands. That this is true 
during late pregnancy is apparent from the fact that the cervical canal is 
sealed off from the uterine cavity by the decidua, chorion, and amnion. 
In the intact non-pregnant uterus it is not known to what extent the 
endometrium contributes to the mucus that collects at the external os of 
the cervix. Women on whom supracervical hysterectomies have been per- 
formed make ideal subjects for such an investigation. If, in addition, these 
subjects are castrated, they may be expected to furnish a basal secretion 
upon which the effect of hormones may be studied. In the present investi- 
gation consideration was given to the effect of the administration of alpha- 
estradiol benzoate and of diethylstilbestrol upon the quantity and vis- 
cosity of cervical mucus in castrated women, and to the correlation of these 
effects with vaginal smears and basal temperatures. 


SUBJECTS 


Five, recently castrated women ranging in age from 19 to 35 years served 
as subjects. All had been in good general health except for the pelvic 
pathology which required surgical intervention. In one of these women 
the entire uterus remained intact, while in the other four, supracervical 
hysterectomies were performed at the time of bilateral oophorectomy. Ob- 
servations were started from four to seven weeks postoperatively, and each 
individual was given approximately the same course of therapy. The 
amount of cervical mucus that could be obtained during a preliminary 
period of about two weeks before the administration of estrogens was ob- 
served in order to determine the base line of production for each individual. 
As outlined below, progesterone was administered for short periods to two 
subjects, whereas estrogens were administered to all five subjects. 


Subject 1, A. T., was a 31 year old, nulliparous woman upon whom a bilateral oopho- 
rectomy was performed on October 7, 1943 because of a dermoid cyst of the right ovary 
and a corpus luteum cyst of the left ovary. The uterus was left intact. Observations 
were started on the 41st postoperative day. Following the preliminary observation 
period this subject received 10 mg. of progesterone by injection on the 55th, 57th, 60th 
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and 62nd postoperative days. Alpha-estradiol benzoate in doses of 3.32 mg. was injected 
on the 67th, 71st and 78th days respectively; 1.66 mg., on the 95th day; and 0.33 mg., 
on the 104th and 111th days. Diethyl stilbestrol dipropionate in daily doses of 0.25 mg. 
was administered orally from the 118th through the 121st days, and 0.5 mg. daily, from 
the 122nd through the 141st days. 


Subject 2, A. D., was a 35 year old woman, gravida 1, para 0, who had a left salpingo- 
oophorectomy in 1936 because of a cystoma. A right salpingo-oophorectomy and a 
supracervical hysterectomy were performed on November 26, 1943, because of endo- 
metriosis of the remaining ovary and myoma uteri. Observations were started on the 
38th postoperative day. On the 52nd day 10 mg. of progesterone were injected, but be- 
cause of severe vasomotor symptoms it was decided to institute prompt estrogen ther- 
apy. Alpha-estradiol benzoate in doses of 3.32 mg. was injected on the 56th and 63rd 
days; 1.66 mg., on the 70th and 77th days; and 0.33 mg. on the 84th and 89th days. 
From the 94th through the 97th days inclusive 0.25 mg. of diethyl stilbestrol daily was 
administered orally. This amount was then increased to 0.5 mg. daily through the 105th 
day, but because of intolerance, evidenced by nausea and vomiting, it was decided to 
stop the administration of stilbestrol. On the 110th and 111th days 0.25 mg. was again 
given but distress again occurred. On the 112th day an injection of 1.66 mg. of estradiol 
was given to alleviate the subjective symptoms. The patient again received 0.25 mg. 
of stilbestrol daily between the 126th and 138th days with no untoward effects during 
this period. 


Subject 3, B. S., was a 19 year old nulliparous girl upon whom a bilateral salpingo- 
oophorectomy and a supracervical hysterectomy were performed on February 1, 1944, 
because of a granulosa cell tumor of the right ovary and a chronic and acute salpingitis. 
Observations were started on the 29th postoperative day. At this time the cervix ap- 
peared healthy. Alpha-estradiol benzoate in doses of 3.32 mg. was injected on the 41st 
and 59th days; 1.66 mg., on the 69th and 76th days; and 0.33 mg., on the 83rd and 
90th days. From the 97th through the 110th days inclusive 0.25 mg. of diethy] stilbestrol 
daily was administered orally, and 0.5 mg. daily from the 111th through the 136th day. 


Subject 4, B. E., was a 24 year old woman, gravida 3, para 1, upon whom a bilateral 
salpingo-oophorectomy and a supracervical hysterectomy were performed on Jan. 12, 
1944, because of cystomata of both ovaries and chronic salpingitis on the left side. 
Observations were started on the 30th postoperative day. Due to the severity of the 
vasomotor symptoms the estrogenic therapy was instituted earlier than in the other 
subjects. Alpha-estradiol benzoate in doses of 3.32 mg. was injected on the 35th and 
44th postoperative days; and 1.66 mg., on the 51st day. A week later the patient left 
the city and the experiment was perforce ended at this point. 


Subject 5, A. B., was a 31 year old nulliparous woman upon whom a bilateral salpingo- 
oophorectomy and a supracervical hysterectomy were performed on August 8, 1944, 
because of endometriosis of both ovaries and myoma uteri. Observations were started 
on the 49th postoperative day. Alpha-estradiol benzoate in doses of 3.32 mg. was in- 
jected on the 63rd and 73rd days; 1.66 mg., on the 80th and 87th days; and 0.33 mg. 
on the 94th and 103rd days. From the 108th through the 121st days inclusive 0.25 mg. 
of stilbestrol daily was administered orally and 0.5 mg. daily from the 122nd through 
the 138th days. 
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METHODS * 


Amount of Mucus 

The subjects were examined on alternate days. The cervix was exposed 
with an unlubricated speculum. Any mucus present at the external os was 
first aspirated and then a second cannula was used to aspirate the mucus 
from the lower portion of the cervical canal. The total amount of mucus 
was determined by difference in weight of the cannulae before and after 


aspiration. 


Vaginal Smears 

Vaginal smears were taken at each examination by rubbing a small cot- 
ton swab along the midportion of the lateral wall and transferring this 
material to a dry slide. The slides were fixed immediately in alcohol and 
stained by the Shorr technic (11). 


Viscosity 

The viscosity of the cervical mucus was determined by estimating the 
ease with which it could be drawn up into a capillary tube of approximately 
0.4 mm. diameter, the method used by Lamar et al. (6). A quantitative 
method has been devised by the authors (13), but only one subject was 
studied recently enough to use this new procedure. 


Basal Temperature 
Each subject kept a record of her basal temperature taken vaginally 
each morning before arising. 


RESULTS 


Amount of Mucus 


The results of this study are shown in Figures 1-5. During the period 
preceding the administration of estrogen, the amount of mucus from all 
five subjects was small, almost negligbile. Furthermore, the mucus was very 
opalescent. This observation is in agreement with the reports of the in- 
vestigators previously mentioned (1, 5). In the two subjects studied the 
injection of progesterone in the amounts given had no discernible effect on 
the quantity or the viscosity of the cervical mucus.’ 

Subject 1 (Fig. 1) showed the greatest increase in the amount of cervical 
mucus following both the injection of alpha-estradiol benzoate and the 
oral administration of diethylstilbestrol. The production of mucus de- 
creased when the amount of estradiol administered was decreased. When 
0.5 mg. of diethylstilbestrol was given daily, the amount of mucus produced 
was comparable to that obtained after the single injection of 3.32 mg. of 
estradiol. 
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Fie. 1. The amount of cervical mucus obtained from Subject 1 following the ad- 
ministration of hormones. Progesterone and alpha-estradiol benzoate were injected 
on the days indicated and diethylstilbestrol was given daily. 


In Subject 2 (Fig. 2) there was no significant difference between the 
amounts of mucus obtained following the injection of 3.32 mg. or 1.66 mg. 
of estradiol. Following the injection of 1 mg. of estradiol there was only a 
slight increase in the amount of mucus. The production of cervical mucus 
was most marked during the time of the daily administration of 0.5 mg. of 
diethylstilbestrol, and greatly exceeded that obtained after any of the 





AMOUNT OF MUCUS 
— SUBJECT 2 


400) 


MILLIGRAMS 
8 


8 








STILBESTROL 








Fic. 2. The amount of cervical mucus obtained from Subject 2 following the adminis- 
tration of hormones. Progesterone and alpha-estradiol benzoate were injected on the 
days indicated and diethylstilbestrol was given daily. *Intolerance to the stilbestrol 
made it necessary to give an injection of 1.66 mg. of the estradiol on the 112th day to 
alleviate the vasomotor symptoms. 
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single injections of estradiol. Intolerance to that amount of stilbestrol, 


4 manifested by nausea, necessitated reducing the amount to 0.25 mg. 
. daily, but even at this level the amount of mucus produced was equal to 
q or slightly larger than that following any of the injections of estradiol. 
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Fia. 3. The amount of cervical mucus obtained from Subject 3 following the adminis- 
tration of estrogens. Alpha-estradiol benzoate was injected on the days indicated and 


q diethylstilbestrol was given daily. 


* In Subject 3 (Fig. 3) the amount of cervical mucus produced by the ad- 
ministration of estradiol was greatest following the injection of 1.66 mg., 
4 although there was a significant response to the injection of 3.32 mg. and 
0.33 mg. There was a moderately pronounced response during the period of 
daily administration of 0.25 mg. of stilbestrol. When the amount of stilbes- 
4 trol was increased to 0.5 mg. daily, this response was increased to an 
4 amount comparable to that following the injection of 1.66 mg. of estradiol 














y Fia. 4. The amount of cervical mucus obtained from Subject 4 following the 
a injection of alpha-estradiol benzoate on the days indicated. 
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In Subject 4 (Fig. 4) a marked increase in the amount of mucus was ob- 
served following each of the three injections given, slightly less being 
obtained, after the injection of 1.66 mg. than after the injections of 3.32 mg. 
No further data were obtained on this patient. 

Subject 5 (Fig. 5) showed the least response of any of the subjects to the 
injection of estradiol. There was a slight increase in the amount of mucus 
following the injection of 3.32 mg. and 1.66 mg., but no response at all to 
the injection of 0.33 mg. A slight increase occurred during the period of 
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Fic. 5. The amount of cervical mucus obtained from Subject 5 following the adminis- 
tration of estrogens. Alpha-estradiol benzoate was injected on the days indicated and 
diethylstilbestrol was given daily. 


daily administration of 0.25 mg. of stilbestrol, and during the period of ad- 
ministration of 0.5 mg. daily the amount of mucus was greater than that 
following any of the injections of estradiol. 


Vaginal Smears 


While a study of vaginal smears is of little help in our experience for de- 
termining the exact time of ovulation in women, it is of value in estimating 
the response to estrogens in those who have been castrated. The change in 
appearance from a smear of the atrophic type to one showing characteristic 
estrogenic effect is quite marked and easily detected. Vaginal smears of 
Subject 4 showed only very slight response to any of the injections. Follow- 
ing the injections of 3.32 mg. and 1.66 mg. of estradiol all the other subjects 
showed good response with slight regression as the effect of the injections 
wore off. Following the injection of only 0.33 mg. the response was not 
marked, although some effect was noted. During the period of daily ad- 
ministration of stilbestrol in the amounts given the vaginal smears of all 
the subjects showed good response. 
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Viscosity 

The viscosity of the cervical mucus, estimated in the manner described, 
was relatively low in all subjects, even in specimens obtained prior to the 
administration of estrogen. The mucus obtained during the preliminary 
period was very opalescent, while that obtained during the period of the 
administration of estrogens was quite transparent, resembling that found 
during the ovulatory phase in the normal menstrual cycle. Upon the cervi- 
cal mucus of one patient, Subject 5, quantitative determinations of vis- 
cosity were done. The viscosity of the cervical mucus following the adminis- 
tration of estrogenic substances was in this instance comparable to that 
obtained during the mid-cycle in the normal woman. 


Basal Temperature 


The curves showing the temperatures of all subjects were of the mono- 
phasic type characteristic of castrated women. Palmer and Devillers(7) 
have shown that the injection of progesterone causes an increase, and es- 
trogen, ‘a decrease in the basal temperature. The injection of progesterone 
in oil in Subjects 1 and 2 was followed by a rise in temperature, usualy 
within 24 hours, of from 0.6° to 1.2° F. The temperature then fell within 
48 hours. Our data on basal temperatures following the injection of es- 
tradiol is inconclusive. After five of the 26 injections there was a subse- 
quent significant fall in temperature. These drops in temperature varied 
from 0.4° to 0.8° F., and occurred within 48 to 96 hours after the injection. 
None of these temperature decreases occurred following the injection of 
0.33 mg. of estradiol but only after the larger dosages were given. There 
were no significant variations in the basal temperatures from day to day 
during the period of the daily administration of diethylstilbestrol in the 
amounts given. 

DISCUSSION 

It appears from the data presented that the cervix in castrated women is 
responsive to the administration of estrogens. The resultant outpouring of 
mucus from the os may therefore be considered a criterion of estrogenic 
activity. The transformation of a scanty, opalescent secretion to one that is 
clear and abundant provides a gross test whereby the results of estrogenic 
therapy may be objectively appraised. In the present series, when the 
subjects obtained satisfactory relief from their vasomotor symptoms fol- 
lowing adequate dosages of estrogens, they also gave good yields of mucus, 
and their vaginal smears, save in Subject 4, showed characteristic estro- 
genic effects. 

While due allowance must be made for individual variations, the quan- 
tity of cervical mucus is, within limits, proportional to the quantity of 
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estrogen administered. There are doubtless variations in the rate of me- 
tabolism of the hormone, even in the same individual, but when larger 
dosages of estradiol are injected, the duration of the effect is prolonged. 
This suggests storage with gradual liberation of the hormone. The gradual 
increase in mucus production following the daily administration of the 
same amount of stilbestrol speaks for a cumulative or summation effect. 
This makes it difficult to appraise the relative merits of estradiol injections 
at intervals of several days and the stilbestrol when given orally at daily 
intervals. 

Another factor which might explain the variations in the amount of 
mucus recoverable from different subjects given the same amount of estro- 
gen is that much difference may exist in the amount of cervical mucosa 
remaining after operation. Furthermore it is not known to what extent the 
size of the cervix determines the amount of mucus produced. It may be 
worthy of comment that Subject 5 had a small, juvenilé type of cervix, 
and the mucus production following the administration of estradiol was 
small in amount. However, this same subject gave a good response to the 
daily administration of stilbestrol. 

Since variations in the amount of mucus produced by different indi- 
viduals are so great, it is difficult to tell, in such a small series, whether or 
not the slightly larger amount obtained from Subject 1, who had an intact 
uterus, is significant. Additional evidence would indicate that it may not 
be, since there is considerable variation in the amount of cervical mucus 
produced by normal women (12). In still another young woman upon whom 
a supracervical hysterectomy but no oophorectomy was performed, the 
cyclic variations in the quantity of mucus were followed. The amount of 
mucus obtained at the time of its greatest production was comparable to 
that from normal individuals at mid point of the cycle. Until more evi- 
dence becomes available, no conclusions can be drawn as to whether or 
not the mucus appearing at the external os in normal women is entirely 
cervical in origin. 


SUMMARY 


The effect of the administration of various hormones on cervical mucus 
was studied in five recently castrated women, four of whom had also under- 
gone supracervical hysterectomy. Following castration the amount of 
mucus coming from the cervix is very scanty and opalescent. 

The administration of progesterone was noted to be without effect on 
the amount of mucus secreted. 

The injection of alpha-estradiol benzoate was followed by a significant 
increase in the amount and the translucency of the mucus, dependent in 
part upon the amount of hormone administered. 
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The daily administration of diethyl stilbestrol dipropionate gave results 


comparable to those obtained following the single injections of larger 
amounts of alpha-estradiol benzoate. 


The authors suggest, as did Bennett (1), that a study of the cervical 


mucus be employed for objectively appraising the effect of estrogen ther- 
apy in women at the menopause. 
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) Letter from the Editor _ ey 





With this issue, the first for the year, 1946, The Journal of Clinical Endo- 
crinology abandons the double column format and adopts a single column. 
The double column had been selected as a method for incorporating much 
material into a small space, but recent trends which have restricted ma- 
terial led us to adopt a single column format, which is believed to be more 
attractive. Should material become so plentiful that space again is at a 
premium, we may revert to the double column. 

The type selected is M onotype 8A of the Banta Press, a pleasant and 
readable type which permits us to use bold face. 

A good deal of thought has gone into the matter of the design of the 
front cover. The aim has been to achieve a simple but readable cover. 
With this issue we have incorporated a monogram designed by Mr. Jack 
Silverman, a student at the Museum School of the Boston Museum of 
Fine Arts. The problem of a front cover for this Journal was given to the 
students of the Museum School for a competition, and we received several 
rather interesting suggestions. All appeared to be a little more radical in 
concept than we cared at present to adopt for this Journal, but the mono- 
gram was a very happy contribution. Just how this will be worked into 
our front cover in the future remains to be seen, but we will apply the 
experimental method and gratefully accept suggestions. 

One other problem is the matter of paper for the cover. The present 
paper, called India, is about all that the manufacturers have to offer in 
the way of stock at present. As soon as a better selection is available, we 
may very well try some other color and consistency. 

The number of manuscripts submitted for publication in this Journal 
was necessarily reduced during the last few years, but probably the num- 
ber will increase slowly during the coming year. The present issue is a 
little thicker. 

The February issue will be devoted to a single comprehensive review of 
an important topic by a distinguished endocrinologist. The March and 
April numbers, ready for press, each have five splendid contributions. 

Authors who submit manuscripts should take pains to prepare carefully 
the manuscript submitted, and in this way the time required to get it ready 
for publication will be reduced. It is surprising how many authors fail to 
outline the topics correctly. The outline is not very important in a short 
experimental article, but it is highly important in bringing order into a 
complicated topic. 
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Authors should prepare the list of references in the manner described on 
page ii of each issue of the Journal. This means: alphabetical arrangement, 
full title, and inclusive pagination. Such a list of references is far more 
useful than any other. The listing of references in order of citation makes 
a hopelessly confused list, if more than a dozen references are cited, for 
any order is soon abandoned and valuable references are effectively lost. 
The title is of considerable interest to anyone who makes use of the list of 
references. The inclusive pagination also informs one as to the size of the 


work cited, and completes the picture. 
KENNETH WapDE TuHompson, M.D. 


Managing Editor 


NOTICE 


REPRINTS FOR THE DEVASTATED MEDICAL LIBRARIES 
OF MANILA 


N CONNECTION with its campaign to help rebuild the medical 

libraries of Manila which were destroyed during the Japanese occupa- 
tion, the Academy-International of Medicine requests that medical authors 
contribute eight or ten reprints of each of their articles which have been 
published since 1941. They may be sent at the regular parcel post rate of 
sixteen cents for the first pound and eleven cents for each additional pound, 
care of A. B. M. Sison, M.D., Philippine General Hospital, Manila, P.I. 


ON 
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Announcements 








ANNOUNCEMENT OF THE ANNUAL MEETING 


HE Twenty-Eighth Annual Meeting of The Association for the Study 
of Internal Secretions will be held in San Francisco, California, on 
Friday and Saturday, June 28th and 29th, 1946, at the St. Francis Hotel. 
Due to crowded hotel and transportation facilities you are urged to make 
these reservations immediately. Hotel reservations should be made through 
Dr. M. Laurence Montgomery, Chairman of the Hotel Committee, Room 
200, 61 Grove St., San Francisco 2, California. 
The Chairman of the Local Committee is Dr. Hans Lisser, Fitzhugh 
Bldg., San Francisco 8, California. 


PRESENTATION OF PAPERS 


1. The title of the paper and four copies of a comprehensive abstract 
should reach the President, Dr. Carl Moore, Dept. of Zoology, University 
of Chicago, Chicago 37, Illinois, not later than April 1st, 1946. 

Abstracts submitted should be in proper form for printing in the pro- 
gram. Not more than the first 200 words can be included in the printed 
abstract. 

2. Non-members who wish to present papers must have their titles and 
abstracts introduced by members. 

3. The abstracts of papers will be considered by the Program Committee 
and the final program announced about May Ist. 

4. Papers will be limited to ten minutes for presentation. A ten-minute 
presentation is designed for condensed discussion of new investigations, 
either in laboratory or clinical phases of endocrinology. Previous publica- 
tion for presentation before other societies of national membership may be 
cause for omitting a paper from the program. 

5. Papers presented at the Annual Meeting may be submitted for publi- 
cation to the Editors of Endocrinology or of The Journal of Clinical Endo- 
crinology. Such submission is invited. Acceptance of a paper for the pro- 
gram does not necessarily mean its acceptance for publication. 

You are invited to bring this announcement to the attention of your 
colleagues and associates who have endocrine research in progress. 


NOMINATION OF OFFICERS 


The By-Laws of the Association provide that nominations for all elective 
offices shall be made by a Nominating Committee and forwarded to the 
Secretary at least sixty days before the annual meeting. The Nominating 
Committee for the current year, anprntes by the President and accepted 
by the Council, is as follows: 
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Dr. Fred C. Koch (Chairman), 1425 W. 42nd St., Chicago, Illinois 

Dr. Willard Allen, 630 South Kingshighway Blvd., St. Louis, Missouri 

Dr. George Thorn, Peter Bent Brigham Hospital, Boston, Mass. 

The By-Laws also provide (Article V, Section 2) that “Any member of 
the Association may submit nominations to the Nominating Committee 
for its consideration.’”’ Nominations may be sent to the Chairman, Dr. 
Fred C. Koch, before March 15, 1946. 

The terms of the following officers expire at the time of the 1946 Annual 


Meeting in San Francisco. 


President-Elect Fuller Albright 
Vice-President Willard O. Thompson 
Secretary-Treasurer Henry H. Turner 
Council Members 
E. L. Sevringhaus R. G. Hoskins Earl T. Engle 


THE SQUIBB AWARD 


HE E. R. Squibb & Sons Award of $1,000.00 was established in 1939, 

and was given first in 1940 to Dr. George W. Corner; in 1941, to Dr. 
Philip E. Smith; in 1942, to Dr. Fred C. Koch; in 1944, to Dr. E. A. Doisy; 
in 1945, to Dr. E. C. Kendall; no Award was given in 1943. A special Com- 
mittee of five members of the Association chooses an investigator or in- 
vestigators in the United States or Canada for one of the best contributions 
to endocrinology. 

THE CIBA AWARD 

HE Ciba Award to recognize the meritorious accomplishment of an 

investigator not more than 35 years of age in the field of endocrinology 
was established in 1942, but no recipient was selected in 1942 or 1943. 
Dr. E. B. Astwood received the Award in 1944; Dr. Jane A. Russel, in 1945. 
The work cited may be either in the field of pre-clinical or clinical endo- 
crinology. The Award is for $1,200.00. If the recipient should choose to 
use the Award toward further study in a laboratory other than that in 
which he is at present working, the Award will be increased to $1,800.00. 


The option is left entirely to the recipient. 





Each member has the privilege of making one nomination for each 
Award. A nomination should be accompanied by a statement of the im- 
portance, of the nominee’s contributions in endocrinology and by a bibli- 
ography of the nominee’s most important publications, and reprints if 
possible. Five copies should be sent to the Secretary, Dr. Henry H. Turner, 
1200 North Walker Street, Oklahoma City, Oklahoma not later than 


March 15, 1946. 


Car R. Moors, President 
Henry H. Turner, Secretary 














Abstracts of 


CURRENT ENDOCRINE LITERATURE 


Editor: D. A. McGinty. Collaborators: F. A. DE LA BALZE, ISRAEL BRAM, 
RUCKER CLEVELAND, JOHN W. EVERETT, ANNA FORBES, E. C. HAMBLEN, CHARLES W. 
HOOKER, R. G. HOSKINS, JANET W. MCARTHUR, THOMAS H. MCGAVACK, J. R. REFORZO- 
MEMBRIVES, A. E. MEYER, DORIS PHELPS, E. C. REIFENSTEIN, JR., RUTH ST. JOHN, 


HAROLD WOOSTER, AND J. ZANARTU. 





ADRENALS 


ALLEN, C. anp L. R. Brosrer. A further case of paranoid psychosis 
successfully treated by adrenalectomy. Brit. M. J. 1: 696-698 (1945) 


A 26 year old woman had shown a gradually increasing psychosis for the fist four 
years. In March, 1943 it was noted that she was becoming hirsute. Determinations of 17- 
ketosteroid excretion during the succeeding year showed irregular but high levels (aver- 
age 27 mg. daily). Unilateral adrenalectomy was performed and the excretion of 17- 
ketosteroids decreased to 7.2 mg. daily. Hirsutism improved and psychotic state appar- 


ently cleared up completely.—L.T.S. 


Dopps, G. H. Necrosis of the liver and bilateral massive suprarenal 
haemorrhage in the puerperium. Brit. M. J. 1: 769-770 (1945). 


A primigravida 34 years old was on a low protein diet for two weeks before delivery 
of a normal baby. Subsequently she showed signs of liver damage. She was apparently 
improving when she suddenly became comatose and died. Both adrenals showed massive 
hemorrhage and the liver showed massive necrosis.—L.T7.S. ‘ oe 


« 


McCuutiaeu, E. P. anp L. A. Lewis. Tiselius electrophoresis studies of 
plasma proteins in Addison’s disease. Am. J. M. Sc. 210 (1): 81- 
86 (1945). 

The authors have determined the various protein fractions of the plasma in 19 pa- 
tients with Addison’s disease by the Tiselius electrophoresis method. During adrenal 
insufficiency, the total protein was usually in the upper range of normal, and the per- 
centage of albumin was definitely decreased. All the globulin fractions usually showed 
some increase. After adequate maintenance with desoxycorticosterone acetate for a 
period of months, the albumin increased somewhat but did not return to normal. When 
large amounts of adrenal cortical extract were used for a month or longer, further im- 
provement was observed and in some instances a normal or nearly normal protein 
distribution. The gamma globulin fraction was high in five of seven cases of treatment, 
was decreased relatively little by treatment with desoxycorticosterone acetate, but 
usually was decreased markedly by treatment with whole adrenal cortical extract.— 


E.C.R.,Jr. 
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Perera, G. A. Relationship of adrenal cortex to hypertension. 
J.A.M.A. 129 (8): 5387-538 (1945). 


The author reports an unusual and very instructive case and makes the following 
observations: 1. A patient with documented hypertension, who subsequently developed 
hypoadrenalism, showed persistent elevation of blood pressure while under treatment 
with desoxycorticosterone acetate. 2. Replacement therapy with salt alone, even though 
the patient was maintained in water and electrolyte balance, resulted in drop in the 
blood pressure to within normal limits. 3. This suggests that the adrenal cortex may be 
important for the development or maintenance of hypertension in man.—A.P.F. 


REIFENSTEIN, E. C., Jr., A. P. Forspes, F. Atpricut, E. DoNALDSON, 
AND E. Carrouu. Effect of methyl testosterone on urinary 17-ke- 
tosteroids of adrenal origin. J. Clin. Investigation 24 (4): 416-434 
(1945). 


Inasmuch as 17-methy] testosterone is not excreted as a 17-ketosteroid, the authors 
have used it to study the effect of a testosterone compound upon the endogenous pro- 
duction of urinary 17-ketosteroids of adrenal origin. Methyl testosterone administered 
in doses ranging from 20 to 200 mg. per day exerted a definitely depressing action upon 
the excretion of 17-ketosteroids in each of the nine subjects studied. In two normal sub- 
jects doses ranging from 20 to 70 mg. per day were employed. The change with 20 mg. 
was slight but with 40 and 70 mg. respectively a reduction of approximately 30 per cent 
occurred in the urinary 17-ketosteroids. Of four females with adrenal hyperplasia, two 
had Cushing’s syndrome, and two the adrenogenital syndrome. Methyl testosterone 
in doses of 50 and 100 mg. daily, respectively, in each of these patients produced drama- 
tic decreases to normal in the urinary 17-ketosteroids from averaged pretreatment figures 
which were approximately 400 and 200 per cent of the amount usually found in normal 
persons of the same age and sex. The reduction in the urinary 17-ketosteroids in the two 
patients with the adreno-genital syndrome was not nearly so striking and on doses of 
50 mg. and 100 mg. daily, respectively, did not approach upper normal limits in either. 
The one male with no functioning testicular tissue had an initially high excretion of 
urinary 17-ketosteroids (about 24 mg. per 24 hours) which was suggestively lowered fol- 
lowing the use of 100 mg. methyl testosterone daily and quite definitely decreased to 
about 10 mg. per 24 hours when 200 mg. of methyl testosterone was taken daily. The 
already low excretion of 17-ketosteroids seen in Addison’s disease was still further re- 
duced in each of two male patients by doses of 50 mg. daily. From these data it is appar- 
ent that the production of 17-ketosteroids or their precursors by both the adrenal cortex 
and the male gonad is inhibited by 17-methyl testosterone. The authors suggest there- 
fore that the mechanism is the same for both glands. On the basis of these and other 
experiments they postulate that the inhibition brought about by 17-methyl testosterone 
is due to a decreased production of some pituitary tropic hormone, probably the luteiniz- 
ing hormone. In conjunction with the data given, such a concept furthers the hypothesis 
that the adrenogenital syndrome represents a primary disturbance in the adrenal cortex 
and that Cushing’s syndrome originates in a pituitary disturbance. The fact that the 
urinary excretion can be depressed in both conditions by the administration of 17- 
methyl testosterone, albeit more readily in the latter, “gives hope that a non-androgenic 
steroid may be found which will likewise reduce the 17-ketosteroid excretion in this con- 
dition.”—T.H.McG. 
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Rornu, G. M. anp W. F. Kvate. A tentative test for pheochromocytoma. 
Am. J. M. Sc. 210 (5): 653-660 (1945). 


The authors propose a test to differentiate patients with pheochromocytoma from 
those with other conditions accompanied by paroxysmal or persistent hypertension. 
The test is performed by placing the subject in a recumbent position for 30 minutes, then 
rapidly injecting intravenously 0.05 mg. of histamine base in 0.5 ce. of normal saline 
(or 0.025 mg. of histamine base in 0.25 cc. of normal saline), and then making blood 
pressure readings at intervals of one minute for from 10 to 15 minutes. A cold pressor 
test is also run on these patients. The test was applied to a series of 51 individuals, of 
whom nine were normal subjects, 22 were hyper-reactors without persistent hyper- 
tension, 16 were persons with established hypertension, and four were patients suspected 
of having pheochromocytoma. In the first three groups the blood pressure rose to a level 
somewhat less than the elevation obtained by the cold pressor test. Except for flushing 
of the face with subsequent headache, which was most intense in the patients with 
severest hypertension and pronounced tachycardia, no other symptoms were produced. 
The tests in these three groups were regarded as negative. In one instance, typical 
histamine cephalalgia was produced by this amount of histamine base. In three of the 
four patients suspected of having pheochromocytoma, the blood pressure rose approxi- 
mately 100 mm. more than the elevation by the cold pressor test. This elevation of blood 
pressure was accompanied by the characteristic symptoms of a typical spontaneous 
attack. In these three patients adrenal tumors containing 50 to 682 mg. of crystalline 
epinephrine were removed, and the patients were restored to normal health. In four of 
the 39 patients in whom the test was negative the adrenals were explored and found to 
be without tumor. The authors conclude that although the number of cases in this series 
is small, the intravenous injection of small quantities of histamine base may be con- 
sidered tentatively as a worth-while test in distinguishing the syndrome of pheochro- 
mocytoma from other clinical conditions.—E.C.R.,Jr. 


Smitu, M.H.D. Waterhouse-Friederichsen syndrome: its treatment with 
adrenal cortex extract. Am. J. Dis. Child. 69 (5): 330-331 (1945). 


Some cases of circulatory collapse are due to changes in the adrenals, either gross 
hemorrhage (as in septicemia, particularly in meningococcic septicemia) or extensive 
focal necrosis. The variations in the extent and severity of these lesions probably ac- 
counts for the clinical variations that are seen: 1) a transitory drop in blood pressure at 
the onset of meningococcemia; 2) an extensive purpuric rash with severe shock and 
death within 12 to 24 hours after onset; and 3) marked hypotension for two to three days 
followed by death. Infants frequently have manifestations of the second type; older 
children and adults those of the third type. Three cases are presented: 1) a woman of 23 
who collapsed and died despite intravenous fluids after an illness of 36 hours; her ad- 
renals showed focal necrosis; 2) a woman of 26 who collapsed after an illness of 12 hours, 
had an abdominal mass thought to be hemorrhage into the adrenal, failed to respond to 
moderate doses of adrenal cortical extract and fluids, and responded dramatically to 65 
cc. of adrenal cortical extract intravenously within a two hour period; she subsequently 
required maintenance doses of extract for one week; and 8) a one year old infant who de- 
veloped circulatory collapse with elevation of the serum non-protein nitrogen and potas- 
sium levels, and reduction of the level of CO. combining power of the blood; he recovered 
after intravenous injection of adrenal cortical extract and of large amounts of solution 
with dextrose and sodium chloride. In all cases sulfonamide drugs were given intraven- 
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ously. The author emphasizes that immediate and dramatic improvement follows the use 
of large doses of adrenal cortical extract intravenously, and recommends 15 cc. as an 
initial dose for a 10 year old chiid repeated as often as necessary to sustain the blood 
pressure. Desoxycorticosterone is not reeommended.—E.C.R.,Jr. 


ENDOCRINE GENERAL 


BissELL, G. W. ano R. H. Wiiu1ams. Hirsutism in females; a clinical 
study of its etiology, course and treatment. Ann. Int. Med. 22: 773- 
806 (1945). 


Clinical investigation of a group of 33 bearded women selected at random has been 
carried out over a three year period. Twenty-nine of these patients represented ‘‘idio- 
pathic hirsutism.’’ Twenty-four of the cases had heavy beards requiring daily shaving; 
23 had the male type of pubic hair distribution; 11 exhibited clitoral enlargement; 13 had 
menstrual irregularities; the majority were obese. Glucose-insulin tolerance tests were 
observed in 19 cases, suggesting an insulin-resistant type of carbohydrate metabolism 
defect. The 17-ketosteroid excretion was normal or subnormal in the majority. Detailed 
case histories of three of these patients are presented. One case of hirsutism associated 
with acromegaly, one case of pseudohermaphroditism and one case of transient hir- 
sutism of pregnancy are described in detail. The therapy of idiopathic hirsutism is un- 
satisfactory. Both hormonal and operative measures were employed in this series without 
success. Four cases treated with thiouracil for eight months failed to obtain benefit.— 


J.M. 


Euias, H. anp D. Schwimmer. The hepatotoxic action of diethyl- 


stilbestrol with report of a case. Am. J. M. Sc. 209 (5): 602-607 
(1945). 


A 44 year old woman was given diethylstilbestrol for menopause symptoms, and 
received 12 mg. over a 14-day period. Severe hepatic damage developed quite rapidly 
with nausea and vomiting on the 8th, and jaundice on the 12th day after the medication 
was begun. Evidence of diffuse intrahepatic involvement included: jaundice, markedly 
positive cephalin flocculation, low total serum cholesterol, low percentage cholesterol 
esters, and inversion of the albumin: globulin ratio. The condition cleared with a diet 
low in fat and high in carbohydrate, protein and vitamins (especially B-complex), and 
with daily intravenous infusions of 50 per cent glucose. The patient was demonstrated 
to be allergic to a substance formed by incubation of diethylstilbestrol (two different 
brands) with her own serum. Intradermal injection of diethylstilbestrol caused no re- 
action, but injection of the drug-and-serum incubation mixture induced a red, tender, 
indurated wheal with central necrosis and a systematic response characterized by 
malaise, fever, chilliness, and discomfort in the region of the liver. All the controls— 
diethylstilbestrol in corn oil, corn oil alone, the patient’s fresh serum alone, the patient’s 
serum incubated alone and with corn oil—gave completely negative results. Diethylstil- 
' bestrol incubated with the sera of nine patients (six of whom were receiving or had 
received diethylstilbestrol) caused no local or systemic reactions in any of these nine pa- 
tients. The mechanism of untoward reactions associated with diethylstilbestrol medica- 
tion is discussed, and reference is made to its relationship to the toxic complications of 
pregnancy.—E.C.R.,Jr. 





